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The outcome f o l lo w in g  the s i n g l e ,  s e r i a l  and s imul taneous  
i n o c u la t i o n  o f  d i f f e r e n t  blue tongue  v i ru s  (BTV) types i n to  
sheep and c a t t l e  was examined in terms o f  temperature,  
viraemia and n e u t r a l i s i n g  antibody  r e sp o n s es .
Animals inoc u la te d  with one BTV type and chal lenged with  
the same type were shown to be protec ted  from t h i s  c h a l l e n g e  
and to have produced only homotypic n e u t r a l i s i n g  a n t i b o d i e s .  
Fol lowing the in o c u la t i o n  o f  one type and c h a l l e n g e  with a 
d i f f e r e n t  BTV type no p r o t e c t i o n  could be demonstrated.  When 
r e ch a l l en ged  these animals were found to be r e s i s t a n t  to  a 
third BTV type .  Animals s e r i a l l y  in oc u la te d  with two BTV types  
were shown to produce a t r a n s i e n t  h e t e r o t y p i c  n e u t r a l i s i n g  
ant ibody response to a number o f  BTV types and al though the 
l e v e l  o f  t h i s  h e t e r o t y p ic  response diminished with time the 
i n o c u la t i o n  of  a th ird  BTV type gave r i s e  to a further  
h e t e r o t y p i c  re sponse .  The s imul taneous  in o c u la t i o n  o f  three  
BTV types however, r e s u l t e d  in r e p l i c a t i o n  o f  only two o f  the 
three inocu la ted  v i r u s e s  and a n e u t r a l i s i n g  antibody response  
to only those two types .
The a b i l i t y  o f  BTV to induce a c e l l - m e d ia t e d  immune 
response ,  in terms of  the product ion  o f  c y t o t o x i c  T 
lymphocytes (CTL's) was examined in both mice and sheep.  A f ter
( I I )
i n o c u l a t i o n  with l i v e  BTV, mice produced CTL' s which showed 
v iru s  and 1^ r e s t r i c t i o n .  On secondary _Ln v i t r o  s t i m u l a t i o n ,  
s p e c i f i c a l l y  s t im u la te d  s e n s i t i s e d  memory c e l l s  a l s o  produced 
high numbers o f  CTL's. I n a c t i v a t i o n  o f  v iru s  p r e p a r a t io n s ,  
e i t h e r  by BPL or g lu tara ldehyde  induced only a low l e v e l  
response and the use o f  Freunds adjuvants  and double  
immunisation procedures f a i l e d  to improve that  re sponse .  
However, mice immunised with a s i n g l e  BTV type were shown to  
produce CTL's which c r o s s - r e a c t e d  with a number o f  BTV t y p e s .  
These c r o s s - r e a c t i v e  CTL's could be induced by both primary 
in v iv o  and secondary _in v i t r o  s t i m u la t i o n  and a varying  
degree o f  c r o s s - r e a c t i v i t y  occurred with the s i x  BTV types  
examined. Fol lowing these obse r v a t io n s  in mice, the a b i l i t y  o f  
BTV to induce CTL's in ovines was i n v e s t i g a t e d .  Presumptive  
ovine CTL's were shown to occur ,  t h e i r  a c t i v i t y  to be maximal 
around day 14 post  i n o c u la t i o n  ( p i )  o f  v irus  and t h e ir  
a c t i v i t y  to be g e n e t i c a l l y  r e s t r i c t e d .
BTV immune sera appeared incapable  o f  p a r t i c i p a t i n g  in 
antibody dependent c e l l - m e d ia t e d  c y t o t o x i c i t y  (ADCC) r e a c t i o n s  
and al though BTV induced high l e v e l s  o f  in te r f e r o n  i t  was 
i t s e l f  not s u s c e p t i b l e  to the e f f e c t s  o f  th i s  i n t e r f e r o n .
Fol lowing the demonstration that the s e r i a l  i n o c u la t i o n  o f  
two BTV types protec ted  a g a in s t  c h a l l e n g e  with a th ird  type  
and that both the humoral and c e l l u l a r  components o f  the 
immune response were capable o f  h e t e r o t y p ic  a c t i v i t y ,  work was 
carr ied  out to  e v a lu a te  the r e l a t i v e  importance o f  antibody
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and CTL's in recovery and p r o t e c t io n  from r e i n f e c t i o n  with  
BTV.
Using ant ibody t r a n s f e r  techn iq ues  i t  was p o s s i b l e  to  show 
that  immune sera  has a r o le  to  play in p r o t e c t io n  from 
c h a l l e n g e  with homologous v i r u s  type al though that  p r o t e c t io n  
did not appear to c o r r e l a t e  with n e u t r a l i s i n g  antibody l e v e l s  
and no p r o t e c t io n  could be demonstrated aga in s t  he tero logous  
v ir u s  c h a l l e n g e .
C e l l u l a r  t r a n s f e r  experiments  in monozygotic sheep showed 
that  BTV-induced th or ac ic  duct  lymphocytes were able  to a f for d  
some degree o f  p r o t e c t i o n  from homologous v irus  c h a l l e n g e  and 
that  t h i s  a c t i v i t y  was probably T c e l l - m e d i a t e d .  I t  was a l s o  
shown that t h i s  T c e l l - m e d i a t e d  response gave s o l i d  p r o t e c t i o n  
ag a in s t  ch a l l e n g e  with a BTV type d i f f e r e n t  from that  used to  
induce these  c e l l s .
The work in t h i s  t h e s i s  i s  d i s c u s s e d  with re levance  to  
other  v iru s  d i s e a s e s ,  BTV immunology and the present  BTV 
vacc ine  p o l i c i e s .
(IV)
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CHAPTER ONE
LITERATURE REVIEW
His tory
Bluetongue (BT) was f i r s t  d escr ibed  by Hutcheon in South  
A fr ic a  in 1881 (Hutcheon,  1902) as an e p i z o o t i c  ca ta r r h a l  
i n f e c t i o n  a f f e c t i n g  r e c e n t ly  imported Merino sheep.  S p r e u l l
(1905)  named the d i s e a s e  bluetongue (BT) and suggested that  
the c a u s a t iv e  agent was an i n t r a - c o r p u s c u la r  p a r a s i t e .  T h e i l e r
(1906)  showed by pass in g  the i n f e c t i v e  f l u i d  through a 
B e r k f ie ld  f i l t e r ,  that  the agent was f i l t e r a b l e  and probably a 
v i r u s .  I t  became i n c r e a s i n g l y  e v id en t  during the next  ten 
years  from obse r v a t io n s  on the l o c a t i o n  and s e a s o n a l i t y  o f  
outbreaks that an i n s e c t  vec tor  played a part in the 
t ran sm iss ion  o f  the d i s e a s e .  N e i s c h u lz ,  Bedford and DuToit  
(1934)  i s o l a t e d  an agent from Aedes mosquitoes  which was 
thought to be r e s p o n s ib le  for the d i s e a s e  in sheep a lthough  
c o n c l u s i v e  ev id ence  o f  vec tor  involvemont by demonstrating  
that  in f e c t e d  midges ( Cu1i c o i d e s  s p . ) could transmit  the
d i s e a s e  to s u s c e p t i b l e  sheep was not obtained u n t i l  the 1 9 4 0 ' s
(DuToit 1944) .  Evidence o f  b i o l o g i c a l  transm iss ion  by 
C u l i c o id e s  sp .  was not confirmed u n t i l  the work o f  F o s ter ,
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Jones and McCory ( 1 9 6 3 ) .
Control  o f  BT by means o f  v a c c in a t i o n  was soon a v a i l a b l e  
f o l low in g  the r e c o g n i t i o n  o f  the v i r a l  nature o f  the d i s e a s e .  
T h e i i e r  (1908)  reported on the apparent a t t e n u a t io n  o f  a 
s t r a i n  o f  bluetongue  v iru s  (BTV) a f t e r  l im it ed  s e r i a l  passage  
in sheep.  This s t r a i n  was used as a vacc ine  for near ly  40
years  with over 50 m i l l i o n  doses  be ing i s s u e d .  However, the  
rapid growth o f  the sheep breeding in dustry  in the 1940 's  
brought to l i g h t  the l im ited  p r o t e c t i v e  q u a l i t i e s  o f  the 
T h e i i e r  v a c c in e .
N e i t z  in 1948 published r e s u l t s  o f  e x t e n s i v e  s t u d i e s  
in v o lv in g  cross  p r o t e c t i o n  experiments  in sheep with d i f f e r e n t  
BTV i s o l a t e s  and i t  became apparent that a p l u r a l i t y  o f  
a n t i g e n i c a l l y  d i f f e r e n t  s t r a i n s  o f  BTV e x i s t e d  in nature .  His 
attempts  to c l a s s i f y  BTV based on the r e s u l t s  o f  these cr o ss
p r o t e c t io n  experiments  however were d isregarded in favour o f  
the _Lri v i t r o  v i ru s  n e u t r a l i s a t i o n  system developed by 
Howe 11( 1960) .  This work fo l lowed on the s t u d i e s  o f  Fernandes  
(1959a,  b and c) demonstrating the growth o f  BTV in primary 
lamb kidney monolayers and n e u t r a l i s a t i o n  by i t s  s p e c i f i c  
ant i - se ru m .  Howell (1970)  c l a s s i f i e d  i s o l a t e s  from South 
A f r ic a  in to  s i x t e e n  se ro typ e s  based on plaque n e u t r a l i s a t i o n  
t e s t s  and the present  twenty two se r o ty p e s  are c h a r a c te r i s e d  
by s i m i l a r  means.
Bluetongue as a c l i n i c a l  e n t i t y  was not recognised  o u t s id e  
South A fr ica  u n t i l  the 1940's  at  which time the d i s e a s e  was 
f i r s t  noted in 1943 in Cyprus (Gambles, 1949) and then in 1948 
in Texas (P r i c e  and Hardy, 1954) .  S ince  that  time BTV has been 
recogn ised  in I s r a e l  in 1951 (Komarov and Goldsmit ,  1951) and 
in 1956/59 in the Iber ian  pen insu la  (Campano, 1957;
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M anso-Rib eiro , 1958) and West Pakis tan  (Howel l ,  1963) .  Since  
then surveys have ind ica ted  both through v i r u s  i s o l a t i o n  and 
s e r o l o g i c a l  s t u d i e s  the widespread d i s t r i b u t i o n  o f  the v i r u s  
(Herniman et  ^ a_l. , 1980) .
The Virus
D e f i n i t i o n BTV i s  the type s p e c i e s  o f  the o r b i v i r u s  group in 
the family R e ov ir id ae .  This  group i s  separated  from the r e s t  
o f  the r e o v ir id a e  by v i r t u e  o f  i t s  l a b i l i t y  at  pH 3 . 0 .  The 
v i r u s  c o n s i s t s  o f  ten segments o f  double stranded r i b o n u c l e i c  
acid  (RNA) coding for seven s t r u c t u r a l  and three non-  
s t r u c t u r a l  v i r a l  p r o t e in s  (Fenner,  1976) .
M o r p h o l o g y The name o r b i v i r u s  was der ived  from the doughnut  
shaped r ings  appearing on n e g a t i v e l y  s ta in e d  e l e c t r o n  
microscope preparat ions  o f  the n u c l e o c a p s i d . This  r in g  or 
o r b i s  appears f o l l o w in g  the l o s s  o f  two s ur face  p r o t e in s  
(Borden ej; _al. , 1971) .  In o r i g i n a l  d e s c r i p t i o n s  o f  the  
i n f e c t i v e  agent o f  BT d i s e a s e  ( Studdert  e_t aj .^ , 1966; Owen 
and Minz, 1966; Bowne and Jones ,  1966) the i n c l u s i o n  o f  the  
pseudo-enve lo pes  gave r i s e  to s i z e  d i s c r e p e n c i e s . However 
removal o f  these  s t r u c t u r e s  with Tween 80 showed the v i r u s  to  
have a d i f f u s e  outer pr o te in  layer co n ta in in g  two p o l y p e p t id e s  
surrounding the s t r u c t u r a l  nuc leocaps id  (Verwoerd e t  a l . ,  
1972) .  In other  r e o v ir u s e s  the outer  layer c o n s i s t s  o f
s t u c t u r a l  u n i t s  arranged in a regu lar  way and an inner caps id  
that  has an i l l - d e f i n e d  s t u c t u r e .  BTV however has a s t r u c t u r e d
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nuc leocaps id  c o n t a in i n g  32 capsomeres c l u s t e r e d  as pentamer-
hexamer morphological  u n i t s  with a diameter o f  63nm. This i s  
surrounded by a d i f f u s e  outer coat  c o n t a in in g  two p o ly p e p t id e s  
g i v in g  a p a r t i c l e  s i z e  o f  69nm (Martin and Zweerink,  1972) .
P h ys io -c h e m ic a l  P r o p e r t i e s : -  BTV i s  therm o-stab le  as 
in d ica te d  by the s to r a g e  and recovery o f  the v i r u s  at  room 
temperature a f t e r  25 years  ( N i e t z ,  1948) .  Rapid l o s s  o f  
i n f e c t i v i t y  though occurs at  -20°C.  The v i ru s  i s  r e l a t i v e l y  
s t a b l e  to  l i p i d  s o l v e n t s  and sodium deoxycho la te  w h i l s t  l a b i l e  
at  pH 3.0 (Borden et  ^ a\_. , 1971) .  A n a lys i s  o f  the genomes by 
po lyacry lamide  g e l  e l e c t r o p h o r e s i s  shows the ten segments o f  
double stranded RNA (Knudson e£  j iK , 1982) which code for the  
ten v i r a l  p r o t e i n s .  Five o f  the p r o t e i n s  are contained  in the 
nuc le ocap s id  and des ig nated  PI ,  P3, P4, P7 and P9. Two are the  
su r fac e  p r o te in s  P2 and P5 and three  are n o n - s t u c t u r a l  P6, P8 
and P10 (Huismans, 1979) .  Recent work i n v o lv in g  _in v i t r o  RNA 
t r a n s l a t i o n  and us ing  a d i f f e r e n t  p ro te in  numbering system has 
i nd ica ted  s i m i l a r  coding assignments  (Sangar and Mertens,  
1983) .
C l a s s i f i c a t i o n : -  Placed in the family R e ov ir id ae ,  BTV i s  taken  
as the type member o f  the o r b i v i r u s  group. The o r b i v i r u s e s  are  
l i s t e d  in Table l a .  M orpholog ical ,  phys iochemical  and 
s e r o l o g i c a l  c h ar ac te r s  c l e a r l y  d e f in e  the o r b i v i r u s e s  (Borden 
e t  aT. , 1971; Murphy e£ a_l. , 1971; Fenner, 1976; D e l la - P o r ta  
e t  a l . , 1979) .  The o r b i v i r u s e s  have been subdivided in to  
groups by means o f  the complement f i x a t i o n ,  a g a r -g e l  
d i f f u s i o n  and f lu o r e s c e n t  ant ibody t e s t s  (Boulanger and Frank,  
1975; Jochim and Chow, 1969) and further  s u b d iv i s i o n  in to
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Table la :  S e r o l o g i c a l  subgroups,  members and a n t ig e n i c  
r e l a t i o n s h i p s  o f  the Orb iv irus  group
S e r o l o g i c a l  group Members Antigen ic
r e l a t i o n s h i p s
Afr ican  Horse S ickness  
Blue tongue
Changuinola
Corr iparta
E p iz o o t ic  Haemorrhagic 
D isease  o f  deer
Eubanangee
Pa lyam
Wa1l a l  
Warrego
Ibaraki
Colorado Tick Fever 
Kemerovo
r e la t e d  to BTV
Ungrouped
AHS (9 s e r o t y p e s ) 3
BTV (22 s e r o t y p e s ) ar e la t e d  to EHD and^
Eubenangee groups
Changuinola  
I r i t u i a  
Ac ado 
Corr ipar ta  
EHD (2 s e r o t y p e s ) 3 
EHDV-Alberta 
Ibaraki  v iru s  
Eubanangee 
Pata
Ti 1 l i g e r y  
D 'A gu i lar ,  Kasba,
Palyam, V e l lo r e  
Wa1l a l
M i t c h e l l  r iv e r  
Warrego 
Ibaraki
Colorado Tick Fever 
Eyach
Baku, B a u l in e ,
Cape Wrath, Chenuda 
Great I s la n d ,  Huacho,
Kemerovo , Lipovnik ,
Mono Lake, Nugget,
Okhatskiy ,  S e l e t a r ,
Sixgun C i t y ,  Tr ibec ,
Wad Medani, Yaquina Head.
Japanaut,  Lebombo,
Orungo, Um at i l la
EHDV-Alberta'
3 bCauses d i s e a s e  in animals .  Causes d i s e a s e  in humans.
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se ro typ e s  i s  based on v iru s  n e u t r a l i s a t i o n  t e s t s  (Howell ,
1970; Barber and Jochim, 1 973; S t o t t  ajk , 1978) .
In BTV a core p r o te in  P7 has been shown to  be r e s p o n s i b l e  
for group specif ic i ty  w h i l s t  the main determinant for s e ro typ e  
s p e c i f i c i t y  i s  the outer  capsid  layer  p r o te in  P2 (Huismans and 
Erasmus, 1981) with P5 p lay in g  a minor r o le  (De V i l l i e r s ,
1974) .  However, both i n t e r  and i n t r a  group s e r o l o g i c a l  
c l a s s i f i c a t i o n  o f  BTV has g iven  r i s e  to  c o n f l i c t .  C r o s s -  
r e a c t io n s  between BTV and other o r b i v i r u s e s  such as E p iz o o t i c  
Haemorrhagic D i s e a se  v iru s  have been demonstrated (Campbell  
e_t aJL. , 1975; Gorman ejt a_l. , 1981; De 1 la -P o r ta  e_t £ l . , 1983) 
and w i th in  the BTV group,  s ero type  c l a s s i f i c a t i o n  of  recent  
i s o l a t e s  by the jiri v i t r o  serum n e u t r a l i s a t i o n  t e s t  has a l s o  
given  r i s e  to  debate ( D e l l a - P o r t a  e^ t a_l. , 1981; D e l la - P o r ta  
e t  a l . , 1983) .
S tu d ie s  us ing  o l i g o n u c l e o t i d e  f in g e r  p r i n t i n g  (Sugiyama 
e t  a ^ . , 1982) and c r o s s - h y b r i d i s a t i o n  (Huismans and Bremer,
1981) show a high degree o f  reassortment and hetero logous  
h y b r i d i s a t i o n  wi th in  the BTV group,  but i n d i c a t e  that  the gene  
coding for type s p e c i f i c t y  i s  conserved .  Recent ly  work with  
monoclonal a n t ib o d ie s  d i r e c t e d  ag a in s t  BTV type 17 have shown 
at  l e a s t  3 type s p e c i f i c  e p i to p e s  as measured by v i r u s  
n e u t r a l i s a t i o n  (Letchworth and Appleton,  1983) and thus even 
v iru s  i s o l a t e s  be longin g  to the same BTV type may show 
d i f f e r i n g  a c t i v i t y  aga ins t  a n e u t r a l i s i n g  serum.
Within the o r b iv ir u s  genus the recogn ised  s e r o l o g i c a l l y  
d i s t i n c t  groups are cons id ered  s p e c i e s  o f  v i r u s .  The v i r u s e s
o f  the b lue ton gue ,  Eubanangee and W a l la l l  subgroups are
i
d e s ig n a te d  as d i s t i n c t  s p e c i e s  and a v a i l a b l e  ev id ence  
i n d i c a t e s  that g e n e t i c  reassortment  only occurs w i th in  d e f in e d
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s p e c i e s  o f  v i r u s e s .  The shared an t ige n s  between the v i r u s e s  o f
the bluetongue  and Eubanangee serogroups probably r e f l e c t  
common a nces try  o f  two d i s t i n c t  v i r u s  s p e c i e s  (Gorman e t  a l . ,  
1979; Gorman <^ 1. , 1982. )
The D i s e a s e
D e f i n i t i o n : -  BT i s  an i n f e c t i o u s ,  non-contag io us  v i r a l  
d i s e a s e  o f  ruminants,  t ran sm it ted  by i n s e c t s  and c h a r a c t e r i s e d  
by c o n g e s t i o n ,  f a c i a l  oedema and c o r o n i t i s ,  e s p e c i a l l y  in 
sheep.
E p i z o o t i o l o g y : - a) Host range.  Sheep and c a t t l e  are b e l i e v e d  to  
be the primary hos t s  o f  BTV (Bowne e_t a l^. , 1968; Bowne, 1971)  
and the outcome f o l low in g  i n f e c t i o n  i s  h igh ly  v a r ia b le  with  
l arge  d i f f e r e n c e s  between the bre e d s .  ( N e i t z ,  1948; Lawman, 
1979; Gorman and Taylor ,  1982) .  Goats are s u s c e p t i b l e  to BTV 
but i n f e c t i o n  u s u a l ly  r e s u l t s  in a mild or inapparent r e a c t io n  
(Haig ,  1959; Luedke and Anakwense, 1972; B a r z i l a i  and Tadmor, 
1971) .
A number o f  s p e c i e s  o f  wild ruminants have been shown, 
e i t h e r  by v iru s  i s o l a t i o n ,  or s e r o l o g i c a l  e v id en ce ,  to  harbour  
BTV (Table l b ) .  The only report  o f  the v i r u s  occurring in wild  
animals  other  than ruminants was by Du Toi t  and Goosens (1955 ,  
quoted by Howell ,  1963) who i s o l a t e d  BTV from rodents .  BTV has 
been shown to r e p l i c a t e  in a l im ited  number o f  laboratory  
animals  in p a r t i c u l a r  new born mice,  su c k l in g  hamsters and 
chicken embryos (Alexander et  ^ a l^. , 1947; Goldsmit  and 
B a r z i l a i ,  1968) .  BTV i s  reported not to r e p l i c a t e  in adult  
mice (Oellerman et  ^ a_l. , 1976) .
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Table  l b :  The i s o l a t i o n  of  BTV from wi ld r umi nant s
Animal v i r u s  s e r o l o g i c a l  d i s e a s e  l oca t ion  r e fe r e n c e
i s o l a t i o n  ev id ence
White Tai led  yes  yes
Deer
(Odocoi leus  v i r g i n i a n u s )  
Pronghorn yes yes
Antelope  
(A nt i locapra  americana)
North yes  yes
American Elk 
(Alces  americana)
Kudu yes
( S t r e p s i c e r o s  im be r b is )
Reeves Muntjac yes -
(Muntiacus)
B les  Buck yes
(Damaliscus a l b i f r o n s )
Topi yes no
(Damaliscus korrigum)
Mountain yes
Gaze 1 le 
(Gaze 11a arabica)
Mule Deer -  yes
(Odocoi leus  hemionus hemionus)
acute  to America 1, 2, 3 
inapparent
c l i n i c a l  N. America 4, 5
mild
inapparent N. America 6,  11 
or mild
acute  N. America 7
acute  N. America 7
inapparent A fr ic a  8
c l i n i c a l  Uganda 9
s evere
inapparent I s r a e l  10
New Mexico 12
Re f e r e n c e s : -
1-Robinson,  S t a i r  and Jones ,  1967
2 - S t a i r ,  Robinson and Jones ,  1968
3-Thomas and T ra iner ,  1970
4-Hoff  and T ra iner ,  1974
5-Hoff  and T ra iner ,  1972
6-Murray and T ra iner ,  1972
7 -H of f ,  Griner and Tra iner ,  1973
8 - N e i t z ,  1933
9 -W el l s ,  1962
1 0 - B a r z i l a i  and Tadmor, 1971
11-Trainer and Jochim, 1969
12-Couvi 11 i o n , Jenney,  Pearson and Coker, 1980 .
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b) Transmiss ion .  The h o r iz o n ta l  t ran sm iss ion  o f  
BTV from host  to  host  has been shown to be pr im ar i ly  through  
the b i t e s  o f  i n fe c t e d  C u l i c o i d e s  s p . and the s p e c i e s  so far  
incr im in ated  are shown in Table 1c.
BTV has been i s o l a t e d  in areas in which C u l i c o id e s  sp .  do 
not e x i s t ,  but as ye t  no other  ve c tor  has been im pl ica ted  
(Parsonson,  1979) and a lthough BTV r e p l i c a t e s  in other i n s e c t s  
these  are not thought important in the f i e l d  (Jennings  and 
Boorman, 1980; Luedke et  ^ a^. , 1965) .
Of s i g n i f i c a n c e  in c o n s id e r i n g  the h o r i z o n t a l  t ran sm iss ion  
o f  BTV i s  the work o f  Luedke, Jones and Walton (1 9 7 7 ) .  They 
were able  to  demonstrate that  c a t t l e  became p e r s i s t e n t l y  
i n f e c t e d  wi th  BTV a f t e r  i n f e c t i o n  _in u t e r o , and that  a lthough  
v i r u s  could not be normally recovered from the blood o f  t h e se  
anim als ,  f o l l o w in g  the b i t e s  o f  u n in fe c te d  C u l i c o id e s  sp .  a 
massive viraemia r ap id ly  ensued g i v in g  the p o t e n t i a l  for  
v e c to r  t r a n sm iss io n .  They su gge s t  that  t h i s  i s  an important  
mechanism o f  v i r a l  s u r v i v a l  during per iods  o f  low i n s e c t  
a c t i v i t y .  These o b s e r v a t io n s  have ye t  to  be s u b s t a n t ia t e d  by 
other  workers.
Recent o b s e r v a t io n s  that  BTV can be recovered from the  
semen o f  e x p e r im en ta l ly  i n fe c t e d  b u l l s  (Parsonson e_t a 1. ,
1981) r a i s e s  the p o s s i b i l i t y  o f  h o r i z o n ta l  t ransm iss ion  at  
in s em in a t io n .  However further  work us ing  mouse and c a t t l e  has
in d ica te d  in such s i t u a t i o n s  fo e tu s e s  do not become i n f e c t e d  
and su r v ive  t i l l  f u l l  term (Bowen <^ t a^. , 1982) .  However 
i n f e c t e d  semen can r e s u l t  in i n f e c t i o n  o f  the female at
insem inat ion  (Bowen et  ^ aj.. , 1983) .
The v e r t i c a l  t ran sm iss ion  o f  the v iru s  i s  not thought  
to  be the primary method o f  spread o f  BTV from host  to  host
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Table I c : C u l i c o i d e s  s p e c i e s  impl ica ted  in the transm iss ion  or
BTV
C u l i c o id e s  sp.  l o c a t i o n  degree o f  re feren ce
importance
C. imicola A fr ica + + + Du T o i t ,  1944
C. o b s o le t u s Cyprus + + Mellor and P i t z o l i s ,  
1979
C. v a r i i p e n n i s U.S.A. +++ Foster  and Jones,  
1973
C. milnei Kenya + Walker and Davies ,  1971
C. aus ten i Sudan + Boorman and Mel l o r , 1982
C. morel i Sudan + Walker and Davies ,  1971
C. grahamii Kenya + Walker and D av ies ,  1971
C. kingi Sudan (?) Boorman and Mel l o r , 1982
C. a v a r i t i a Aus t r a 1ia + ++ S t .  George, C yb in sk i ,  
S t a n d f a s t , 1982
C b r e v i  tars  is Aus t ra 1 ia +++ Snowden, 1979
C. s h u l t z e i A u s t r a l i a + + Dyce and S t a n d f a s t ,  
1979
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(Bowne, 1971) .  In per io ds  o f  decreased  vec tor  a c t i v i t y  however
mechanisms are needed to e x p la in  the p e r s i s t a n c e  o f  the v i r u s  
in a host  p o p u la t io n .  S evera l  methods o f  overwinter in g  have 
been p o s tu la te d  (Luedke e^ t aj .^ , 1977; Reeves ,  1974) .  Of th e se  
t r a n s p la c e n t a l  spread through BTV i n f e c t e d  dams to t h e i r  
o f f s p r i n g  has r e ce iv ed  a t t e n t i o n  (Gibbs e£ ^ 1 . ,  1979; Luedke
e t  a 1. , 1970; Luedke e_t a l . , 1977a and b ) .  For t h i s  to  be 
s u c c e s s f u l  a l i v e  foe tu s  must be born,  capable o f  harbouring  
the v i ru s  for long enough and at  high  enough l e v e l s  for v e c to r  
t r a n sm iss io n .  Work by Gibbs,  Lawman and Herniman (1979)  was 
able to show that  BTV i n f e c t e d  ewes produced lambs from which 
v ir u s  could be i s o l a t e d  for up to two months. However whether  
v iraemias  were at  high enough l e v e l s  for t ran sm iss ion  to occur  
was not a s c e r t a i n e d .  S im i lar  r e s u l t s  were obtained in 
experiments  with goat s  (Gibbs e^ aK  , 1979) and c a lv e s  (Luedke 
et  a 1 . ,  1977a and b ) .
c) Geographica l  D i s t r i b u t i o n .  The widespread d i s t r i b u t i o n  
o f  the v i ru s  (Table Id) c o r r e l a t e s  to areas in which the 
ve c tor  i s  found. In the case  o f  C u l i c o i d e s  sp.  t h i s  in v o lv e s  a 
large  area o f  the g lobe  (40°N to 30°S ) .  However the c l i n i c a l  
d i s e a s e  has a much more l im ited  inc idence  and i t s  presence  
w i l l  depend on the i n te r p la y  between i n f e c t e d  vector  movement 
and the a v a i l a b i l i t y  o f  s u s c e p t i b l e  animals .  Indeed the 
d i s e a s e  was f i r s t  recognised  in South A fr ic a  fo l lo w in g  the 
importation o f  s u s c e p t i b l e  breeds o f  sheep (Hutcheon, 1902)and 
i t  was not recogn ised  o u t s id e  South A fr ic a  u n t i l  the 1 9 4 0 ' s .
The d i s c o v e r y  o f  BTV in A u s t r a l i a  in 1977 ( S t .  George 
e t  a l . ,  1978) r e s u l t e d  in r e t r o s p e c t i v e  serum surveys be ing  
c arr ied  out .  S e n t i n e l  herds conta ined s e r o l o g i c a l  ev id ence  o f  
v i r u s  a c t i v i t y  as far back as 1953 ( S t .  George j2 t a_l. , 1982) .
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Table  Id:  G e o g r a p h i c a l  d i s t r i b u t i o n  of  BTV as d e t e c t e d  by
v i r u s  i s o l a t i o n  or  t he  p r e s e nc e  of  a n t i body
C o u n t r y  v i r u s  t y p e s  a n t i b o d y  t y p e s  r e f e r e n c e
AFRI CA
S o u t h  A f r i c a  1 - 1 5  1 8 , 1 9  1 - 1 5 ,  1 8 ,  1 9  H u t c h e o n ,  1 8 8 1 ,
H o w e l l ,  I *170
* a g a r g e l *  1 , 2 , 5 , 7 , 1 1 , 1 2  E i s a ,  O s m a n ,  K a r r a r ,
6 A b d e l  R a h i m ,  1 9 8 0  
K l ,  K l l ,  K i l l  1 - 1 6 , K l , 1 1 , 111 D a v i e s ,  1 9 7 8  
I , 4 , 1 0 , 1 2 , 1 6  A , 1 3 , 1 5 , 1 6  S o l i m a n ,  H a f e z  a n d
O z a w a , 1 9 7 2
6 , 7 , 1 0 , 1 6 , 5  1 - 4 , 5 , 6 , 7 , 1 1  L e e , C a u s e y  a n d  M o o r e ,
1 9 7 4 ;  H e r n i m a n ,  
B o o r m a n  a n d  T a y l o r ,  
1 9 8 3
1 , 2 , 5 , 7 , 1 1 , 1 2  H e r n i m a n ,  Ow e n ,
S u d a n
K e n y a
E g y p t
N i g e r i a
N i g e r
G h a n a
C a m e r o o n  1 , 4 , 5 , 1 2 , 1 3
3 , 1 2 T a y l o r  a n d  S e l l e r s ,  
1 9 8 0 .
EUROPE 
Cypr us
S e l l e r s ,  1 9 7 5  
T u r k e v  4
P o r t u g a 1 10
S p a i n  10
3 , 4 , 1 0 , 1 2  G a m b l e ,  1 9 4 9 ;
4 Y o n g u c , T a v l o r ,
C s o n t o s ,  V o r r a l l ,  
1 9 8 2
Howe  1 1 ,  1 9hi>
M a n s o - R i b e i r o , I 9 5 8
MI DDLE EAST 
1 s r a e  I 2 , 4 , 6 , 1 0 , 1 6
I r a q  ♦ a g a r  g e l
G o l d s m i t  a nd  
B a r z i l a i ,  1 9 7 9  
Ha f e  z , P o  1 1 1 s  a n d  
Mus t a f a , 1 9 7 8
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Tabl e  l d ( c o n t . ) :  G e o g r a p h i c a l  d i s t r i b u t i o n  o f  BTV as d e t e c t e d
by v i r u s  i s o l a t i o n  or  t he  p r e s e n c e  of  a n t i body
C o u n t r y v i r u s  t y p e s  a n t i b o d y  t y p e s  r e f e r e n c e
I r a n ♦ a g a r  g e l
J o r d a n
S y r i a
Y e m e n  A r a b  
R e p u b  1 i c  
Oman  
FAR EAST 
I n d i a  2
P a k i s t a n  16  
S i n g a p o r e  
M a 1 a y s  i a  
I n d o n e s  i a  
P a p u a  Ne w 1 
Cu i n e a  
T h a i  l a n d
AUSTRALI A 1 , 6 , 2 0 , 2 1  
AMERI CA' S
N . A m e r i c a  1 0 , 1 1 ,  1 3 , 1 7
P a r a q u a y  
B r a z i l  
V e n e  z u e l a  
B a r b a d o s  
S t . V i n c e n t  
W e s t  I n d i e s
♦ a g a r  g e l
♦ a g a r  g e l
♦ a g a r  g e l
3 , 6 , 1 7 , 2 0
2 , 4 , 1 5 , 1 6 , 1 7  
1 , 1 3 , 1 8 , 1 9  
1 , 3 , 8  
* g a r  g e l  
I
2 , 4 , 9 , 1 2 , 1 6  
1 , 2 0 , 2 1
A f s h a r  a n d  K a y v a n f a r ,  
1 9 7 4
A V R I , P i r b r i g h t 3 
A V R I , P i  r b r i g h t  
A V R I , P i  r b  r i g h t
A V R I , P i rb r i g h t
A V R I ,  P i r b r i g h t  
S a r w a r ,  1 9 6 2  
S a r w a r , 1 9 6 2  
S a r w a r , 1 9 6 2  
A V R I ,  P i r b r i g h t  
K a r m e n  a n d  C y b i n s k i ,
1 981
A V R I , P i rb r i g h t  
S t .  G e o r g e ,  C y b i n s k i  
S t a n d f a s t .  1 9 8 2
2 ;  1 0 , 1 1 , 1 3 , 1 7 , 2  B a r b e r , 1 9 7 9 .  AVRI ,
P i r b r  i g h t
2 . 1 3 . 1 6
♦ a g a r  g e l
2 . 9 . 1 3 . 1 6  
1 ,b 
1 4 , 1 5
6 , 1 4 , 1 7
A V R I , P i r b r i g h t  
A V R I , P i r b  r i g h t  
AVR I , P i rb  r i g h t  
AVR I , P i rb r i g h t  
AVR I , P I rb r i g h t  
AVR1 , P i rb r i g h t
P e r s o n a l  c o m m u n i c a t i o n s ,  T a y l o r ,  W . P . ,  Gumm,  I . a n d  
H e r n  i m a n , K . A . J  .
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However no d i s e a s e  has been recorded in A u s t r a l i a  (Snowden and 
Gee, 1978) and even in f u l l y  s u s c e p t i b l e  non- indigenous  sheep  
only a mild form occurs (Flanagan £ t  - a l . , 1982) .  At pre sen t  
four BTV types  have been i s o l a t e d  from A u s t r a l i a .
In the United S t a t e s  o f  America the v iru s  and the d i s e a s e
t
p a s 'b e e n  shown to be widespread in the south western s t a t e s  
both in domest ic  and to a l e s s e r  e x te n t  in the wild ruminant  
popu la t ion s  (Train er  and Jochim, 1969) .  The v i ru s  has been 
i s o l a t e d  from a l l  the s t a t e s  except  North Dakota and the 
Northern New England S t a t e s  (Parsonson,  1979) .  There are now 
f i v e  se ro typ e s  o f  BTV in the United S t a t e s  2, 10, 11,  13,  and 
17 o f  which 11 and 17 appear to be the most common (Barber,  
1979; Gibbs,  1983; Car lson ,  1983) .
S e r o l o g i c a l  surveys in the Sudan, Turkey, Saudi Arabia ,  
Yemen and Iran show the presence  o f  group r e a c t in g  a n t i b o d i e s
in sera  which do not n e u t r a l i s e  any o f  the known twenty two 
BTV types (T ay lor ,  Gumm and Herniman, persona l  communications) 
and there  e x i s t s  the p o s s i b i l i t y  o f  c r o s s - r e a c t i o n s  occurr ing  
with  other o r b i v i r u s e s  or the presence  o f  a new BTV s ero type  
in these  areas .
In Europe the d i s e a s e  p e r i o d i c a l l y  occurs due to abnormal
i n f e c t e d  vec tor  movement in to  areas c onta in ing  s u s c e p t i b l e  
sheep popu la t ion s  ( S e l l e r s ,  1975 and 1980; S e l l e r s  e t  a 1 . ,  
1978) .  In these  areas movement r e s t r i c t i o n s ,  v a c c in a t i o n
programmes and the lack o f  a c o n t in u a l  vec tor  presence  
prevents  the v iru s  becoming permanently e s t a b l i s h e d  (Yonguc 
et  ^ a_l. , 1982; S e l l e r s ,  1975 and 1980) .
P a t h o g e n e s i s . a) Routes o f  i n o c u l a t i o n : -  The normal route o f  
i n f e c t i o n  i s  through intradermal i n o c u la t io n  from the b i t e  o f
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i n f e c t e d  Cu1i c o i d e s  s p . and although reports  vary,  
approximately 100 t i s s u e  c u l tu r e  i n f e c t i v e  doses  (TCID^q) o f  
v ir u s  are required to cause i n f e c t i o n  (Lawman, 1979) .  Other 
p o s s i b l e  routes  o f  v i r u s  entry  have been examined and repeated  
or a l  adm in is tra ion  o f  BTV i n f e c t e d  blood .did r e s u l t  in a BTV 
i n f e c t i o n  as did the subcutaneous i n o c u la t i o n  o f  BTV i n f e c t e d
ur ine  (Jochim e_t , 1965) .  The intravenous  in o c u la t i o n  o f  
BTV r e s u l t s  in a more rapid i n s e t  o f  viraemia al though the  
durat io n  does not appear to be shortened (Tay lor ,  personal  
communications) .
b) C l i n i c a l  f i n d i n g s : -  The outcome fo l lo w in g  the  
i n o c u la t i o n  o f  BTV i n to  animals depends on s e v e r a l  f a c t o r s ;  
the type and s t r a i n  o f  v iru s  used ( N e i t z ,  1948; Flanagan ej^
a 1 . ,  1982; Groocock £ £  £l* > 1982) environmental  c o n d i t i o n s  
p e r t a i n i n g  around the time of  v iru s  i n o c u la t i o n  ( N e i t z  and 
Riemerschmid, 1944; Eisa et. _al. , 1980) ,  the s p e c i e s  and breed  
o f  animal inoc u la te d  (Bowne, 1971; Gorman and Taylor ,  1982)  
age o f  animal (Moulton,  1961) and the prev ious  h i s t o r y  o f  
exposure to BTV (Bowne, 1971) .  How these  i n t e r a c t  with each  
other  i s  not known.
The incubat ion  per iod fo l lo w in g  the b i t e  o f  an i n f e c t e d  
v e c to r  can be from 2 to 15 days (Moulton,  1961) and i s  
fo l lowed by a pyrex ia  which may l a s t  from 1 to 7 days and 
peaks around day seven f o l low in g  v iru s  i n o c u l a t i o n .  As the 
pyrexia deve lops  the b u c c a l ,  nasa l  and ocular  membranes become 
reddened and oedema o f  the l i p s  i s  o f t e n  seen .  A muco-serous  
d i s ch a rg e  occurs from around the eyes and nose and the nasa l  
disch a rg e  may become blood t in g e d .  Animals f requently  s a l i v a t e  
and smack t h e i r  l i p s .  Ocular and nasa l  d i sch arge s  l e s s e n  and 
the nares become encrus ted with mucous. P e t e c h i a l  haemorrhages
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appear on ocu lar  and buccal  membranes at  around 7 days p o s t ­
i n o c u la t i o n  ( p i ) ,  the time o f  peak p yrex ia .  I n i t i a l l y  the  
animal w i l l  r e t a i n  i t s  a p p e t i t e  but by day four or f i v e  
fo l l o w in g  the f i r s t  c l i n i c a l  s i g n s  i t  becomes an o r e x ic .  The 
animal can now appear to be making a recovery  but can then 
b e c o m e  recumbent and r e fu s e  to r i s e .  Examination o f  the  
coronary band w i l l  r e vea l  pathognomic l e s i o n s  o f  c o r o n i t i s  
with  o f te n  in te n s e  l o c a l  pa in .  Discomfort  from these  l e s i o n s  
and a p a i n f u l  m y o s i t i s  r e s u l t s  in the animal remaining
recumbant. Death may ensue at  t h i s  s ta g e  through a s p i r a t i o n  
pneumonia (Luedke _et aj .^ , 1964; Leudke and Jochim, 1968) .  
Recovery i s  f re q u en t ly  prolonged with wool break and severe  
l o s s  o f  c o n d i t i o n .  In c a t t l e  c l i n i c a l  d i s e a s e  i s  far l e s s  
common but when i t  does occur l e s i o n s  w i l l  be s i m i l a r  to those  
seen in sheep (Hourrigan and K lingsporn,  1975) .
Goats and wild ruminants are not as s u s c e p t i b l e  to  BTV 
i n f e c t i o n  as sheep and e x h i b i t  only a mild c l i n i c a l  or 
inapparent i n f e c t i o n .  (Luedke and Anakwensa, 1972) .  However in 
the white t a i l e d  deer o f  North America acute d i s e a s e  
resembl ing  that in sheep may be seen .  (Thomas and T ra iner ,  
1970) .
c)  Necropsy f i n d i n g s : -  Post  mortems o f  BTV i n f e c t e d  
animals are c h a r a c te r i s e d  by t h e i r  lack o f  abnormal f in d in g s  
(Bowne, 1971; Bowne e_t a_l. , 1968) .  However in near ly  a l l  
animals  a f f e c t e d  ecchymotic  heamorrhages can be seen at  the  
base o f  the heart around the l e f t  atrium and on the pulmonary 
a r te r y  c l o s e  to the h e a r t .  Frequent ly p e t e c h i a l  heamorrhages  
occur on the p e r i -  and endo-cardium. Heamorrhages w i l l  be seen
on the sur fac e s  o f  s k e l e t a l  musculature and i n t e s t i n a l  mucosa 
(Bowne, 1971) .
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H i s t o l o g i c a l l y ,  hyperaemic lymph nodes show s e p a r a t io n  o f
c e l l u l a r  e l e m en ts ,  d e p o s i t i o n  o f  haemosiderin and i n f i l t r a t i o n  
by n e u t r o p h i l s  and monocytes .  S im i lar  changes occur in the  
sp lee n  with p e r i f o  1 icu lar neu tr op h i l  i n v a s io n .  These l e s i o n s  
r e s u l t  in the h a e m a to lo g ic a 1 f in d in gs  o f  a pan- leucopean ia  
(Lawman, 1979) .
d) V i r o l o g i c a l  f i n d i n g s : -  Although the c l i n i c a l  outcome 
f o l l o w in g  the subcutaneous i n o c u la t i o n  o f  BTV i n t o  sheep and 
c a t t l e  i s  extremely var ied  the l e v e l  and durat ion  o f  the 
viraemia i s  s u r p r i s i n g l y  c o n s ta n t .  Virus can f i r s t  be d e t e c t e d  
in the blood o f  sheep two to  three days a f t e r  subcutaneous  
i n o c u l a t i o n .  Peak l e v e l s  are reached four days l a t e r  with the 
viraemia p e r s i s t i n g  from t w e n t y - f iv e  to t h i r t y  days (Jochim  
£i* » 1965; Lawman, 1979; Osburn e^ t a_l. , 1981; Flanagan e_t 
a l . ,  1982) .  In c a t t l e  the development o f  the viraemia i s  
s i m i l a r  but the durat ion  i s  much longer ,  o f t e n  up to  four or 
f i v e  months. Recent ly  i t  has been shown that  sheep and c a t t l e  
n a t u r a l l y  i n f e c t e d  can harbour more than one s e r o - t y p e  in the 
blood at  any one time ( S t o t t  e_t jLl. , 1982) .
BTV can be recovered from apparent ly  normal o f f s p r i n g  at  
b i r t h  and these  animals can remain v irae m ic ,  in sheep for at  
l e a s t  two months (Gibbs e_t a_L* » 1979) and in c a t t l e  p o s s i b l y  
i n d e f i n i t e l y  (Luedke et  ^ aj_. , 1977 a and b; S t o t t  e^ a l . ,
1982) .
S tu d ie s  us ing  both immunofluorescence ( S t a i r ,  1968) and 
v i r u s  i s o l a t i o n  techn iq ues  (Lawman, 1979) have shown that  on 
e n try  in to  the host  v ia  the subcutaneous r oute ,  r e p l i c a t i o n  in 
the dra in in g  lymph node i s  fol lowed by a primary d i s s e m in a t i o n  
and secondary r e p l i c a t i o n  c y c le  in the blood v a sc u lar  sys tem.  
The r e s u l t i n g  v i r  mia is  i n i t i a l l y  white c e l l  a s s o c i a t e d  but
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w i t h i n  one t o  two days v i r u s  becomes red b lood  c e l l  a s s o c i a t e d  
(Lawman, 1979; A l s t a d  et_ £ l . ,  1 977) .  I t  i s  no t  c l e a r  whether  
t h i s  red c e l l  a s s o c i a t i o n  i s  because  v i r u s  i s  on the  s u r f a c e  
o r  whether  i t  i s  p r e s e n t  i n s i d e  the red blood c e l l .
e ) F o e t o - p a t h o g e n e s i s Observat ions that  v iru s  was 
capable  o f  producing f o e t a l  death were f i r s t  made fo l lo w in g  
the use o f  l i v e  a t tenuated  vacc in es  ( S h u l t z  and Delay,  1965) 
Since  then,  c o n g e n i t a l  abnor m al i t ie s  have a l s o  been reported  
a f t e r  natura l  i n f e c t i o n  and in c lu de  hydraencephaly, 
porencephaly ,  c e r e b r a e l  m i n e r a l i s a t i o n ,  e n c e p h a l i t i d e s , 
ar th ro g r y p o s i s  and dwarfism (Enright  and Osburn, 1974; Barnard 
and P ienaar ,  1976; Schmidt and Panc iera ,  1973) .  The outcome 
for the foe tus  fo l l o w in g  exposure to BTV w i l l  depend on the  
s ta g e  o f  g e s t a t i o n  at which i n f e c t i o n  took place  (Osburn,
1968; Osburn £t  ^ £ l*  > 1971) .  Exposure ea r ly  in the g e s t a t i o n  
period causes c o n g e n i t a l  abnorm al i t ie s  o f  the c e n t r a l  nervous  
system r e s u l t i n g  in c e l l  d e s t r u c t i o n  and c a v i t a t i n g  
d e f o r m i t i e s  (Narayan and Johnson, 1972) .  I n f e c t i o n  o f  ewes 
between s i x t y  one and seventy  four days o f  g e s t a t i o n  does not  
produce obvious a b n o r m a l i t i e s  a lthough the v iru s  c r o s s e s  the 
p la c en ta  and r e s u l t s  in vi raemic lambs (Gibbs ejt aj .^ , 1979) .
D i a g n o s i s .
A p r o v i s i o n a l  d i a g n o s i s  o f  BT can be made on c l i n i c a l  
f i n d i n g s  b u t  l a b o r a t o r y  c o n f i r m a t i o n  i s  u s u a l l y  sought  by 
e i t h e r  v i r u s  i s o l a t i o n  or  s e r o l o g i c a l  e v id e n c e  o f  the  p r e s e n c e
o f  BTV in t h e  i n f e c t e d  a n im a l .
A number of  methods can be used fo r  the  i s o l a t i o n  o f
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BTV from e i t h e r  the host  or v e c to r  and the c h o ice  w i l l  depend
on fa c t o r s  such as c o s t ,  speed,  a v a i l a b i l t y  o f  reagents  and 
l aboratory  animals and s e n s i t i v i t y  ( N e i t z ,  1948; Howell ,  1960;  
S t o t t  j t^ a_l. , 1978; French, 1972) .
The i n o c u l a t i o n  o f  s u s c e p t i b l e  sheep was the e a r l i e s t  
system used for v i r u s  i s o l a t i o n  (Alexander,  1947; Owen e t  a l . , 
1965) and the use  o f  a blood autograph technique has been  
reported  to improve the s e n s i t i v i t y  o f  t h i s  method ( M e t c a l f ,  
1977; P i n i  et  ^ sd .  , 1966; Luedke e£ a l .  , 1970) .  However, i t  i s  
c o s t l y ,  s low and r e qu ire s  the a v a i l a b i l t y  o f  s u s c e p t i b l e  
sheep.  I t  was shown e a r ly  in the s t u d i e s  o f  BTV that  v i r u s  
r e p l i c a t i o n  would occur in embryonated chicken eggs  
(Alexander,  1947) and that  the in travenous  i n o c u l a t i o n  and 
in cubat io n  at  33°C o f  these  embryos provided a s e n s i t i v e  
i s o l a t i o n  system (Goldsmit  and B r a z i l a i ,  1965; G l e i s s e r  e_t 
a l . , 1969) .  I t  has a l s o  been shown that  v iru s  growth w i l l  
occur in a number o f  cont inuous  c e l l  l i n e s  (Fernandes ,  1959a 
and c;  P i n i  ej  ^ £ l*  > 1966; Sawyer and Osburn, 1977; Bando,  
1976) .  Of th e se  the Afr ican green monkey kidney l in e ( V e r o )  i s  
h ig h ly  s e n s i t i v e  a lthough baby hamster kidney-21 (BHK) c e l l s  
are the most wide ly  used for v iru s  i s o l a t i o n  and propagat ion  
(Barber and Jochim, 1973; McPhee e_t j^l. , 1982) and c ontroversy  
e x i s t s  as to  which o f  a l l  the above methods i s  the most 
s e n s i t i v e  for v i r u s  i s o l a t i o n  (F o s te r  _et a l . , 1972; Goldsmit  
e t  a l . , 1975; Thomas e^ a_l. , 1976; McPhee et  ^ a_l. , 1983) .  The 
i n t r a - c e r e b r a l  i n o c u l a t i o n  o f  newborn s u c k l in g  mice does  
o f f e r  a fourth  method for v iru s  i s o l a t i o n  but i t  has tended to  
be used more as a method for v i ru s  propagation  and 
c h a r a c t e r i s a t i o n  (Verwoerd et  ^ a ^ . , 1979) .
Fol low ing  v i r a l  i s o l a t i o n  p re s u m p t iv e  c o n f i r m a t i o n  o f  the
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presence o f  BTV can be ob tained  by e l e c t r o n  microscopy or the  
demonstration o f  the group an t ige n  us ing  group s p e c i f i c  t e s t s  
l i k e  immunofluorescence ( S t a i r ,  1968; Jennings  and Boorman,
1980)  and im m unod i f fus ion  ( j o c h i m  and Chow, 1969) .  The v i r u s  
can then  be typed  by a number o f  methods based  on i t s  
n e u t r a l i s a t i o n  by s p e c i f i c  a n t i s e r a  (Howell  j^t a_l. , 1970;
S t o t t  _et £l^. , 1978; Thomas and Somagh, 1978; Jochim and J o n e s ,  
1976, Hubschie, 1978) .
The t e s t s  used for the s e r o l o g i c a l  d i a g n o s i s  o f  BTV by
i d e n t i f i c a t i o n  o f  i t s  s p e c i f i c  a n t i b o d y  can be d i v i d e d  i n t o  
t h o s e  r e c o g n i s i n g  e i t h e r  group o r  type  a n t i b o d y  ( B o u lan g e r  and 
F rank ,  1975) .
The most w ide ly  used  group t e s t  a t  p r e s e n t  i s  the  a g a r - g e l  
p r e c i p i t a t i o n  t e s t  ( Joch im  and Chow, 1969; Boulange r  and 
F rank ,  1975; Snowdon, 1979) which  has the  adva n ta ge  o f  s p e e d ,
s i m p l i c i t y  and e a se  o f  r e a g e n t  p r o d u c t i o n  (Gumm and Newman,
1982) .  However i t  does  have problems o f  c r o s s - r e a c t i o n s  w i th  
o t h e r  c l o s e l y  r e l a t e d  o r b i v i r u s e s  ( D e l l a - P o r t a  «^ t a_l. , 1983) .  
The f l u o r e s c e n t  a n t i b o d y  t e s t  ( P i n i  ejt a^ .  , 1968; C a r l s o n ,
1981) ,  m o d i f ie d  complement  f i x a t i o n  t e s t  (B ou lange r  and F rank ,
1975) ,  p a s s i v e  h e a m a g g l u t i n a t i o n  (Blue e£  a_l. , 1974) and ELISA 
(Hubshle  e£  a_l. , 1981) a r e  a l s o  s u i t a b l e  fo r  i d e n t i f i c a t i o n  o f  
group s p e c i f i c  a n t i b o d i e s .
The r e c o g n i t i o n  o f  type  s p e c i f i c  a n t i b o d i e s  t o  BTV
r e l i e s  on v i r u s  n e u t r a l i s a t i o n  by a n t i s e r a  measured by a 
r e d u c t i o n  o f  CPE ( P a r k e r  e t  a_l. , 1977; Herniman et^ aj_. , 1983) ,  
o r  p l aq u e  f o rm a t io n  r e d u c t i o n / i n h i b i t i o n  ( Joch im  and Chow, 
1976; D e l l a - P o r t a  ejt aJL., 1981; P o r t e r f i e l d ,  1960) .
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Control
The c o n t r o l  measures adopted by a p a r t i c u l a r  country w i l l  
be dec ided by the presence  or absence o f  the v i r u s .  Three 
types o f  areas can be i d e n t i f i e d .  F i r s t l y  areas in which there  
i s  no s e r o l o g i c a l  or c l i n i c a l  ev id ence  for the d i s e a s e  ever  
having occurred ,  n o n - e n z o o t i c  a r e a s .  Secondly areas in which 
the d i s e a s e  has p e r i o d i c a l l y  occurred due pr im ar i ly  to  
abnormal v e c to r  movement and has not  become e s t a b l i s h e d ,  the  
p a r t i a l l y  e n z o o t i c  a r e a s .  Thirdly  areas in which the d i s e a s e  
occurs  annually or c o n t i n u a l l y ,  the e n z o o t i c  areas ( S e l l e r s ,  
1980; Anon, 1976) .
N on-enzoot ic  a r e a s : -  Control  in these  areas r e s t s  on the  
prevent ion  o f  entry  o f  the v i r u s  by r e s t r i c t i o n s  on 
importation  o f  animals  or animal products .  Thus animals should
only  be imported from other  c lean  areas and semen and embryos 
for implantation  w i l l  only be imported f o l lo w in g  c le a r  
ev id ence  o f  freedom from BTV (Bowen jit _al.., 1982; Parsonson  
e t  a l . , 1981) .
P a r t i a l  e n z o o t i c  a r e a s : -  In these  areas the use o f  monovalent  
v ac c in e s  d i r e c t e d  a g a i n s t  the BTV type caus ing  the p e r io d ic  
outbteaks  along with  s u i t a b l e  movement r e s t r i c t i o n s  w i l l  
provide some measure o f  c o n t r o l  fo l l o w in g  an outbreak (Manso-  
R i b e i r o ,  1958; S e l l e r s ,  1975) .  Work by S e l l e r s  ( S e l l e r s ,  1980;  
S e l l e r s  £t  ^ £l_. , 1978) has sugges ted  that  i t  may be p o s s i b l e  to  
p r e d i c t  outbreaks caused by abnormal v e c to r  movement and in 
th e se  cases  p r o p h y la c t i c  v a c c in a t i o n  ahead o f  an expected  
outbreak may be b e n e f i c i a l .  Fo l lowing the entry  o f  v iru s  i n t o  
p a r t i a l l y  e n z o o t i c  and n o n-enzoo t ic  areas a number o f  measures  
can be used to l i m i t  i t s  spread.  In p a r t i c u l a r ,  r e s t r i c t i o n s
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on animal movements, s l a u g h t e r  and burning o f  i n f e c t e d  s to c k  
and measures to reduce v i r u s  transm iss ion  by i n s e c t s  (FAO 
handbook, 1981) are o f  u s e .
Enzoot ic  A r e a s : -  In those  parts  o f  the world in which BTV i s  
endemic v a c c in a t i o n  i s  in large part the only s a t i s f a c t o r y  
method o f  c o n t r o l  (Howell ,  1979) .  Attempts have been made to  
c u r t a i l  v e c to r  a c t i v i t y  at  breedin g  s i t e s  (Holbook,  1980) and 
by a t t r a c t i n g  the v e c to r  away from the more s u s c e p t i b l e  sheep  
by the use  o f  c a t t l e  herds (DuToit ,  1944) .  At presen t  
v a c c i n a t i o n  i s  c a r r i e d  out u s in g  l i v e  a t tenuated  v iru s  
v a c c i n e s .  In the United S t a t e s  the on ly  l i c e n s e d  vacc ine  
c u r r e n t l y  a v a i l b l e  c o n ta in s  a modif ied BTV 10 and i s  approved 
for  use  in sheep in  C a l i f o r n i a  ( S t o t t  a^. , 1979) .  In South 
A f r ic a  vac c in e s  have been used for many years ( T h e i l e r ,  1908)  
and at  presen t  the v a c c in a t i o n  regime c o n s i s t s  o f  the use o f  
l i v e  a t tenuated  p e n tava le n t  va c c in e s  g iven  three  t imes at  
three week i n t e r v a l s .  Thus f u l l y  v acc ina ted  sheep r e c e i v e  
f i f t e e n  BTV types over a s i x  week per iod (Howel l ,  1979) .  The 
degree  o f  immunity conferred by t h i s  v a c c in a t i o n  pr o to co l  i s  
h ig h ly  u n p re d ic ta b le  and at  b e s t  evokes a n t ib o d ie s  to  only ten  
or e le v e n  types (Erasmus, persona l  communication) .  These 
problems and o thers  a s s o c i a t e d  with the use o f  l i v e  v i ru s  
v a c c in e s  ( S t o t t  jst a_l. , 1979) prompted a number o f  workers to  
i n v e s t i g a t e  the use o f  i n a c t i v a t e d  v iru s  preparat ions  ( S t o t t
£ t  aj_. , 1979; Parker ejt aj.. , 1975) .  These i n a c t i v a t e d  
p reparat ions  e l i c i t  e i t h e r  a very low n e u t r a l i s i n g  antibody  
response  (Parker e£  a_l. , 1975 ,)  or none at  a l l  and in the
l a t t e r  case  a c e l l  mediated immune response was demonstrated  
along with a degree  o f  p r o t e c t i o n  ( S t o t t  £t  ^ aj.. , 1979) .  How 
long t h i s  immunity l a s t s  and whether i t  produces h e t e r o t y p i c
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immunity i s  not known.
The Immune Response .
In the l a s t  f i f t e e n  years gr eat  s t r i d e s  have been made in 
the study o f  the immune system and the way i t  responds to
i n f e c t i o n .  I t  i s  now c l e a r  that  both ant ibody product ion  and 
the mediation o f  immune responses  by c e l l s  are end products  o f  
c e l l u l a r  c o l l a b o r a t i o n  which i s  a s s o c i a t e d  wi th  unique s u b s e t s  
o f  both thymus der ived  (T) and bone marrow der iv ed  (B) 
lymphocytes ,  and that  the r e g u l a t i o n  o f  t h i s  response  i s  under  
g e n e t i c  c o n t r o l  (O ld s to n e ,  1979; Katz, 1977) .  The end product  
i s  measured as a s p e c i f i c  immune response  i n i t i a t e d  by a 
s p e c i f i c  an t igen  and a s s o c i a t e d  wi th  unique i n t e r a c t i o n s  among 
macrophages,  T c e l l  s u b s e t s  and B c e l l s .  The immune product  
r e s u l t s  from a s e r i e s  o f  minute r e g u l a t i o n s  from a network o f  
unique c e l l s  ( j e r n e ,  1974) i n v o lv i n g  events  such as c e l l  to  
c e l l  i n t e r a c t i o n s  and r e l e a s e  o f  mediators that  can enhance or  
suppress  the immune resp onse .
Viruses  can r e p l i c a t e  in those  very c e l l s  which form the  
c o n s t i t u e n t  parts  o f  the immune system (Notk ins ejt a l .  , 1970;  
Wheelock and Toy, 1973) and can a l s o  a l t e r  the normal route o f  
t r a v e l  and l o c a l i s a t i o n  o f  immuno-competent c e l l s  (Woodruff  
and Woodruff,  1975) .  In a d d i t io n  v i r a l  an t ige ns  p e r - s e  
a c t i v e l y  compete with n o n - v i r a l  an t ige n s  in s t i m u la t i n g  immune 
responses  (Oldstone ei£ a_l. , 1973) .  Therefore the e f f e c t s  o f  
v i r u s e s  on the a lready  complex immune system pr e sen ts  an 
a d d i t i o n a l  dimension o f  s u b t l e t y .
The immune response to v i r u s e s  can b e s t  be cons id ered  as 
c o n s i s t i n g  o f  both  n o n - s p e c i f i c  and s p e c i f i c ,  humoral and
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c e l l u l a r  components  a l t h o u g h  they  f u n c t i o n  s y n e r g i s t i c a l l y  
i n  v iv o  (Burns e t  a l . ,  1975) .  I t  i s  o f t e n  s t a t e d  t h a t  humoral  
immunity i s  p r o b a b l y  r e s p o n s i b l e  f o r  p r e v e n t i n g  r e i n f e c t i o n  
(B lande n ,  1971 and 1974) whereas  c e l l u l a r  immunity m ed ia te d  by 
T lymphocytes  o r  by t h e  i n t e r a c t i o n  o f  a n t i b o d y  and Fc 
r e c e p t o r  b e a r i n g  c e l l s  i s  more i m p o r t a n t  in  r e c o v e r y  from 
v i r a l  i n f e c t i o n s  (Bloom and R a g e r -Z i s m a n , 1975; Rouse and 
B a b i u k ,  1978) .  In  s p e c i f i c  v i r a l  i n f e c t i o n s  d e t a i l e d  work on 
h o s t / v i r u s  i n t e r a c t i o n s  ne eds  to  be done b e f o r e  such  
g e n e r a l i s a t i o n s  can be a p p l i e d  (Rouse and B a b i u k  , 1978) .  In  
t he  ca se  o f  BTV as  t h e  r e v i e w  o f  t h e  l i t e r a t u r e  be low w i l l  
i n d i c a t e  l i t t l e  work in  t h i s  d i r e c t i o n  has been c a r r i e d  o u t .
Immune Response To BTV.
N o n - s p e c i f i c  Humoral : -  The r o l e  o f  i n t e r f e r o n  as a non­
s p e c i f i c  m e d i a to r  o f  immunity was shown by I s a a c s  and Hitchcock 
(1960)  working w i th  i n f l u e n z a  v i r u s  in  mice .  S e v e r a l  s t u d i e s  
have i n d i c a t e d  t h a t  BTV i s  an e x c e p t i o n a l l y  p o t e n t  i n t e r f e r o n  
i n d u c e r  b o t h  j^n v i t r o  (E k s t e e n  and Huismans,  1972; F u l to n  and 
P e a r s o n ,  1981) and _in v i v o  in  a mouse model (Jameson eJL a l . ,
1978) .  The a b i l i t y  o f  BTV t o  induce  i n t e r f e r o n  in  sheep  and 
c a t t l e  and the  s u s c e p t a b i l i t y  o f  BTV t o  i n t e r f e r o n  has n o t ,  
however ,  been examined.
S p e c i f i c  Humoral : -  Ant ibody  Type.  The i n o c u l a t i o n  o f  BTV i n t o  
an animal  r e s u l t s  in the  g e n e r a t i o n  o f  a number o f  serum
r e a c t i v e  a n t i b o d i e s .  P r e c i p i t a t i n g  ( jochim and Chow, 1969) ,
complement  f i x i n g  (B ou lange r  ei£ jQ.  , 1967) ,  im m unof luo resc ing  
(Ruckenbauer  jet a l . ,  1967) ,  h e a m a g g l u t i n a t i o n  i n h i b i t i n g
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(Hubschle,  1980) ,  ELISA r e a c t i n g  (Hubschle et  ^ a_l. , 1981) ,  and 
n e u t r a l i s i n g  (Haig ej  ^ a_l. , 1956) a n t ib o d ie s  have been  
demonstrated.
The i n o c u l a t i o n  o f  BTV i n a c t i v a t e d  by b e t a -  
p r o p r i o l a c t o n e  (BPL) in duce s  n e u t r a l i s i n g  a n t i b o d i e s  ( P a r k e r  
e t  a l . , 1975) whereas  the  u se  o f  a b i n a r y  e th y l e n im e  (BEI) 
i n a c t i v a t e d  p r e p a r a t i o n  r e s u l t s  in  p r e c i p i t a t i n g  and 
complement  f i x i n g  b u t  no d e t e c t a b l e  n e u t r a l i s i n g  a n t i b o d y  
( S t o t t  a l .  , 1979) .
Ant ibody  C l a s s .  The c l a s s  o f  a n t i b o d y  
produced f o l l o w i n g  the  i n o c u l a t i o n  o f  BTV has been  examined 
o n ly  in  mice (O e l l e rm an  eiL a_l . , 1976) .  In  t h i s  s y s te m  u s i n g  a 
ha e m o ly t i c  p laque  a s s a y  they  cou ld  show no r e a l  d i f f e r e n c e  
be tween the  o n s e t  o f  the  IgM and IgG r e s p o n s e s  a l t h o u g h  the  
IgM r e s p o n s e  was o f  s h o r t e r  d u r a t i o n .
Ant ibody  D u r a t i o n : -  N e u t r a l i s i n g  a n t i b o d i e s  
t o  BTV a re  f i r s t  d e t e c t e d  in  the  serum o f  i n f e c t e d  an im als  
be tween  t e n  and f i f t e e n  days f o l l o w i n g  v i r u s  i n o c u l a t i o n  
(Groocock e t  a_l. , 1982; Bowne, 1971; N e i t z ,  1948; Luedke and 
Joch im ,  1968) .  Complement f i x i n g  a n t i b o d i e s  o f t e n  a ppear  
l a t e r ,  and may no t  be d e t e c t e d  u n t i l  f o r t y  days p o s t ­
i n o c u l a t i o n  ( P a r s o n s o n ,  1979) .  P r e c i p i t a t i n g  and n e u t r a l i s i n g  
a n t i b o d i e s  endure  f o r  a t  l e a s t  f i v e  y e a r s  in  B r i t i s h  sheep 
(Herniman,  p e r s o n a l  communicat ion ) whereas  complement  f i x i n g  
a n t i b o d i e s  may d e c l i n e  by one y e a r  ( P e a r s o n  j r l . , 1973) .
Antibody S p e c i f i c i t y : -  A n t i b o d i e s  
r e s p o n s i b l e  f o r  in  v i t r o  BTV s e r o - t y p e  s p e c i f i c i t y  (Howel l ,  
1960) have been shown t o  be d i r e c t e d  a g a i n s t  v i r a l  p o l y p e p t i d e  
two, by e x p e r i m e n t s  i n v o l v i n g  c r o s s - h y b r i d i s a t i o n  (Huismans 
and Howell ,  1973) o l i g o n u c l e o t i d e  f i n g e r - p r i n t i n g  (Sugiyama
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e t  a l . ,  1981) and cross-immuno p r e c i p i t a t i o n  (Huismans and 
Erasmus, 1981) .  V ir a l  p o ly p e p t id e  seven has been i d e n t i f i e d  as  
that  r e s p o n s ib l e  for ge n e r a t in g  BTV group r e a c t i v e  a n t ib o d ie s  
(Huimans and Erasmus, 1981) .  Of the antibody  popu la t ion s  only  
the n e u t r a l i s i n g  and haem agglut ination  i n h i b i t i n g  a n t ib o d ie s  
have been shown to be BTV type s p e c i f i c  (Luedke and Jochim,  
1968, Hubschle,  1980) .
Recent work with an A u s tr a l ia n  i s o l a t e ,  BTV 20 has 
shown that  the i n o c u l a t i o n  o f  t h i s  type g enera tes  not only  
a n t ib o d ie s  to  BTV 20 but a l s o  a n t ib o d ie s  to  BTV 17. When th e se  
BTV 20 in o c u la te d  sheep were cha l lenged  with BTV 17 they  
showed an in c r e a s e  in n e u t r a l i s i n g  a n t ib o d ie s  to  both types  
(Groocock e_t a^. , 1982) .  In c o n t r a s t ,  re ce nt  experiments  in  
c a t t l e  i n f e c t e d  s im u l ta n eo u s ly  with two BTV types f a i l e d  to  
deve lop  even a p r e c i p i t a t i n g  ant ibody response ( S t o t t  et  a l .  , 
1982) .  Thus i t  would appear that  an i l l - d e f i n e d  range o f  
antibody  responses  can occur f o l lo w in g  the i n o c u la t i o n  o f  one 
or more BTV t y p e s .  S e r o l o g i c a l  surveys have a l s o  uncovered  
serum samples c o n ta in in g  n e u t r a l i s i n g  a n t ib o d ie s  to  s e v e r a l  
BTV types (D a v ies ,  1978; Hafez and Ozawa, 1981) but i t  i s  not  
known whether t h i s  demonstrates  exposure to each v i r u s  
se ro ty p e s  or to one s ero type  which g i v e s  a h e t e r o t y p i c  
ant ibody  response .
N o n - s p e c i f i c  c e l l u l a r : -  The fundamental importance o f  the  
macrophage in immunity and pathogenes i s  in other v iru s  
i n f e c t i o n s  has been c l e a r l y  shown (Mims, 1977; Glasgow, 1970;
Gresser and Lang, 1969).' BTV can r e p l i c a t e  in c e l l s  o f  the
mononuclear phagocyt ic  system (Lawman, 1979) and in v i t r o  
macrophages may become p e r s i s t e n t l y  i n f e c t e d .  The r e le v a n c e  o f
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t h i s  obse r va t ion  and the r o l e  o f  other  an t igen  p r o c e ss in g
c e l l s  in the immune response to BTV i n f e c t i o n  have y e t  to  be  
s t u d i e d .
S p e c i f i c  c e l l u l a r  Only one s tudy has been car r ie d  out on 
the s p e c i f i c  c e l l u l a r  immune reponse to BTV and t h i s  invo lved  
the use o f  an i n a c t i v a t e d  BTV preparat ion  ( S t o t t  e t  a l . ,
1979) .  In these  exper iments  lymphocyte s t i m u la t i o n  by BTV 
ant igen  was employed as an in v i t r o  c o r r e l a t e  o f  a c e l l u l a r
immune resp onse .  Fo l lowing v a c c in a t i o n  a c l e a r  b l a s t o g e n i c  
response was recorded and on c h a l l e n g e  a s trong  secondary  
response  occurred.
Mechanisms in P r o t e c t i o n  and Recovery L i t t l e  work has been
car r ie d  out to  i n v e s t i g a t e  mechanisms for p r o t e c t io n  and 
recovery in BTV i n f e c t i o n s  but f i e l d  and exper imenta l  
o b s e r v a t io n s  g i v e  some i n d i c a t i o n s  o f  the r o l e  o f  var io us  
components o f  the immune response  ( N e i t z ,  1948) .
The s e r i e s  o f  c r o s s - p r o t e c t i o n  experiments  o f  N e i t z  (1948)  
demonstrated a c l e a r  p r o t e c t i o n  a g a in s t  subsequent homologous  
but not h e ter o lo g o u s  type c h a l l e n g e .  He sugges ted  that  the 
i n o c u l a t i o n  o f  a BTV r e s u l t e d  in a degree o f  ' b a s a l  immunity1. 
This would reduce the c l i n i c a l  response  to subsequent  
h e ter o logou s  BTV c h a l l e n g e  but t h i s  would not in c re a s e  
fo l l o w i n g  subsequent c h a l l e n g e  e i t h e r  by the same or a 
d i f f e r e n t  BTV type .  Howell (1960)  was ab le  to  type these  v i r u s  
i s o l a t e s  by means o f  an jLn v i t r o  v i r u s  n e u t r a l i s a t i o n  t e s t .  
Since  t h i s  work the c r i t e r i a  used to s e l e c t  s u i t a b l e  v a c c in e s  
i n d i c a t e s  that a c l e a r  assumption has been made that  the
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presence  o f  n e u t r a l i s i n g  antibody  c o r r e l a t e s  with p r o t e c t io n  
(Howell ,  1979) .  However the demonstrat ion that  v iru s  can 
p e r s i s t  in the blood o f  animals showing high l e v e l s  o f  
s p e c i f i c  n e u t r a l i s i n g  antibody  (Luedke e£ a_l ., 1970; Luedke 
e^ a_l . , 1983) and that  p r o t e c t i o n  a g a in s t  c h a l l e n g e  can occur  
in the absence o f  a dem onstratable  n e u t r a l i s i n g  antibody  
response but a c l e a r  c e l l u l a r  immune reponse ( S t o t t  e t  a l . ,
1979) throws doubt on t h i s  assumption.
R ecent ly  Letchworth and Appleton (1983b) have 
demonstated p r o t e c t io n  a g a i n s t  c h a l l e n g e  with BTV 17 u s i n g  a 
monoclonal antibody r a i s e d  a g a i n s t  the v i r a l  po lypept ide  2. 
They sugges t  n e u t r a l i s i n g  antibody  i s  a p i v o t a l  component in  
p r o t e c t io n  ag a in s t  BT d i s e a s e  but may not  provide  complete  
p r o t e c t i o n  a g a in s t  i n f e c t i o n  and make l i t t l e  or no 
c o n t r i b u t i o n  to recovery .
Foeto immuno-pathology and immuno-tolerence The 
immunological  and v i r o l o g i c a l  outcome o f  i n t r a - u t e r i n e  
i n f e c t i o n  with BTV has been s tu d ied  by a number o f  workers 
(Gibbs et  ^ a l . , 1979; Luedke et_ a_l. , 1977 a and b; S t o t t  £ t  
a l . ,  1982) .  Their  r e s u l t s  show that  1) the i n f e c t i o n  of  
pregnant dams can r e s u l t  in o f f s p r i n g  be ing viraemic at  b i r t h  
and remaining so for d i f f e r e n t  per iods  o f  t ime.  2) The 
viraemias as such may d isappear  al though  they may remain 
p e r s i s t e n t l y  i n f e c t e d  3) at  b i r t h  these  i n f e c t e d  animals may 
appear t o .b e  immuno-to leren t; or show f l u c t u a t i n g  ant ibody  
r e sp o n s e s .  Although i t  has been sugges ted  that  the v a r i a b l e  
response may be due to d i f f e r e n c e s  in v iru s  s t r a i n s ,  time o f
onset  o f  f o e t a l  i n f e c t i o n  and s e n s i t i v i t y  o f  assay  sys tem  
used ,  the under ly in g  immunological  mechanisms are not
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unders to o d .
CHAPTER TWO
MATERIALS AND METHODS
1) Experimental  Animals .
a) Sheep and C a t t l e .
Male cross  bred Dorset  Horn sheep and J e r s e y  c a lv e s  were used  
at s i x  to  e i g h t  months o f  age .  Monozygotic sheep were s u pp l ied  
by the Animal Breeding I n s t i t u t e ,  Babraham at  approximately  
one year o f  age .  A l l  animals  were held in i n s e c t  proof  and BTV 
secure  accommodation during the exper im ents .
b) Mice.
C3H(H2K) mice were supp li ed  by the Laboratory Animal Centre ,  
Carsha lton;  the Balb C(H2D) mice were reared at  the Animal  
Virus Research I n s t i t u t e  (AVRI), P i r b r i g h t .
2) I n o c u l a t i o n  Procedures and Sampling.
a) Sheep and c a t t l e .
Animals were i n f e c t e d  by intradermal  i n o c u la t i o n  in the l e f t
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e a r  o f  10^ median t i s s u e  c u l t u r e  i n f e c t i v e  d ose s  (TCID^q) o f
BTV. After  exposure to BTV any subsequent i n o c u l a t i o n  was 
begun only when the p r e v i o u s l y  e s t a b l i s h e d  v iraem ia  was no 
longer d e t e c t a b l e .  A c l i n i c a l  examination o f  animals was 
carr ied  out  d a i l y ,  for up to  three  weeks a f t e r  i n o c u l a t i o n .  
R ecta l  temperatures were a l s o  recorded at  the same time each  
day.  D a i ly  blood samples for serum and hepar in ised  blood (5 iu  
heparin per ml f i n a l  c o n c e n tr a t io n )  for v i ru s  i s o l a t i o n  were 
c o l l e c t e d .
b) Mice.
S i x  to e ig h t  week old mice were immunised by i n t r a p e r i t o n e a l  
i n o c u la t i o n  o f  0 .5ml o f  l i v e  or i n a c t i v a t e d  v iru s  p repara t ions  
with or without adjuvant.  For primary CTL assays  mice were
k i l l e d  by c e r v i c a l  d i s l o c a t i o n  seven  days l a t e r .  In d o u b le  
imm unisa t ions  p r o c e d u r e s ,  mice were immunised f o u r t e e n  days 
a p a r t  and then k i l l e d  seven  days a f t e r  t h e  second i n o c u l a t i o n .  
For seconda ry  Jji  v i t r o  s t u d i e s  mice were k i l l e d  a t  l e a s t  
f o u r t e e n  days a f t e r  im m u n is a t io n .
3) C e l l s .
a) E s t a b l i s h e d  c e l l  l i n e s .
Baby Hamster Kidney-21 c lo n e  13 (BHK) and IB-R S-2 c e l l s  were 
supp li ed  by the AVRI and Georgia Bovine Kidney (GBK) by the
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Central  Veter inary  Laboratory (CVL) Weybridge. L929(H2K) and 
STSBCH^D) c e l l s  were ob tained  from Flow l a b o r a t o r i e s .  
Monolayers o f  these  c e l l s  were removed us ing  a s o l u t i o n  o f
v e r s e n e / t r y p s i n  (0.5% t r y p s i n )  for 5 minutes at  37°C. C e l l s  
were r e - e s t a b l i s h e d  in a growth medium o f  Glasgow modif ied  
E a g l e ' s  medium supplemented with  15% tr y p to s e  phosphate b r o th ,  
p e n i c i l l i n  (110 iu /m l )  and streptomycin  ( 0 . 2  mg/ml) ( E a g l e ' s  
supp .)  together  with 10% newborn c a l f  serum. When re­
e s t a b l i s h e d  as c o n f lu e n t  monolayers,  c e l l s  were maintained on
E a g l e ' s  supp. plus 5% newborn c a l f  serum,
b) Primary ovine  c e l l  l i n e s .
Primary lamb f o e t a l  kidney  c e l l s  (LFK), lamb t e s t i s  c e l l s  
(LT) and lamb skin c e l l s  were obta ined from newborn lambs or
exper imenta l  animals at  the AVRI. T i s sue  was removed from the  
animal,  f i n e l y  minced and t r y p s i n i s e d  for two hours a t  37°C.  
The r e s u l t i n g  suspens ion  was p e l l e t e d  by c e n t r i f u g a t i o n  
(200xg,  5 minutes at  4°C) and the c e l l s  resuspended in E a g l e ' s  
supp. with 10% newborn c a l f  serum.
e)  Mouse s p l e e n  c e l l s .
Suspensions  o f  these  c e l l s  were prepared by forc ing  c e l l s  
through a f in e  wire mesh us ing  the technique descr ibed  by 
Lawman £_t £ l .  , ( 1 9 8 0 ) .  They were subsequent ly  resuspended in 
RPMI 1640 medium c o n t a in i n g  10% f o e t a l  c a l f  serum, 25mM Hepes
b u f f e r ,  2mM g lutam ine ,  p e n i c i l l i n  ( lOOiu/ml)  and s treptomycin
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( 0 . 2  mg/ml) (RPMI-HEPES). C e l l  v i a b i l i t y  was a s s e s s e d  by
trypan blue dye e x c l u s i o n  and was u s u a l ly  g r e a te r  than 95%. T 
c e l l  enr iched popu la t ion s  were obtained  from mouse s p lee n  c e l l  
s uspens ions  by the nylon wool adherence technique o f  J u l i u s ,  
Simpson and Herzenberg (1973)  or by t r e a t i n g  suspens ions  wi th  
r a b b i t  ant i-mouse IgG serum plus  normal rabbi t  serum to
p r o v i d e  a s o u rc e  o f  complement .  T c e l l  d e p l e t e d  p o p u l a t i o n s  
were o b t a i n e d  by t r e a t i n g  c e l l s  w i th  a n t i - t h y m o c y t e  s e r a  
( M i les  L a b o r a t o r i e s )  and r a b b i t  complement .
d) P e r ip h e ra l  blood lymphocytes  (PBL1s ) .
Heparin ised  blood from animals known to be f ree  o f  BTV was 
c e n tr i fu g e d  (220xg ,  20 minutes at  4°C) and the buf fy  coat  
removed. The bu f fy  coat  was then d i l u t e d  with 5 ml o f  Glasgow 
modified E a g l e ' s  medium and layered onto 3 ml o f  " F i c o l l -  
Paque" (Pharmacia Fine Chemicals)  (1 .0 7 7 4 g /c u ^  at  10°C) and 
c e n tr i fu g e d  (350xg,  30 minutes at  10°C). The i n t e r f a c e  c e l l s  
were removed and contaminat ing e r y th r o c y t e s  lysed  by 
hyperton ic  f l a s h  l y s i s  with  s t e r i l e  d i s t i l l e d  water.  The 
r e s u l t i n g  lymphocyte suspens ion  was washed three t imes with  
Eagle'.s  medium and f i n a l l y  suspended in RPMI-HEPES.
e ) Bovine and ov ine  udder c e l l s .
These were obtained as de sc r ibe d  p r e v io u s ly  (Wardley <^ t a 1 . ,  
1976, Lawman, 1979) .  In sheep 2ml and in c a t t l e  5ml, o f  a 
s o l u t i o n  c o n ta in in g  5mg/ml o f  l ip o p o ly s a c c h a r id e  ( s e r o t y p e  no.
33
0127 :B8. Sigma London Chemicals Co.)  was in oc u la te d  v ia  the  
t e a t  duct in to  the mammary g land .  A f ter  the appropriate
i n t e r v a l ,  18 hours for n e u t r o p h i l  c o l l e c t i o n  and 96 hours for
macrophages,  10ml o f  prewarmed s a l i n e  was in fused  i n to  the  
gland ,  v i a  the t e a t  du c t ,  the gland g e n t ly  massaged and the  
s a l i n e  expressed  in t o  a s t e r i l e  c o n t a in e r .  The c e l l s  were 
c e n t r i f u g e d  (200xg ,  10 minutes  a t  4°C),  contaminating  
e r y th r o c y t e s  f l a s h  lysed  and the c e l l s  washed twice  in E a g l e ' s
medium and f i n a l l y  resuspended in RPMI 1640.
4 ) Viruses
a) BT v i r u s e s .
BTV types except  BTV4 and BTV17 were obtained from the  
V eter inary  Research I n s t i t u t e ,  Onderstepoort  as low passage  
i s o l a t e s .  They were passaged once or twice  in egg embryos (El  
and E2) before  adapt ion by passage  to  BHK c e l l s  (BHKl e t c . ) .  
BTV4(E^BHKj) was obtained  as an i s o l a t e  from the 1969 Cyprus 
BT outbreak.  Each BTV type was plaque p u r i f i e d  three  t imes in 
BHK c e l l s  us ing  the agar g e l  double sandwich suspens ion  
technique (Cooper 1961) .  Fo l lowing plaque p u r i f i c a t i o n  v i r u s  
type s p e c i f i c i t y  was v e r i f i e d  in a v i r u s  n e u t r a l i s a t i o n  t e s t  
us ing  type s p e c i f i c  hyperimmune guinea  pig a n t i - s e r a .  BTV 4
mouse brain v iru s  s to c k s  were obta ined by a further  three  
passages in bra ins  o f  s u c k l in g  mice.  BTV17 (Wyoming s t r a i n )  
was k ind ly  supp li ed  by G. Letchworth o f  Plum Is land  Animal
D is e a s e  C e n t r e ,  U.S .A.  I t  had been  p as saged  once in
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embryonated e g g s ,  once in  BHK c e l l s  and t h r e e  t imes  in  
Mengling Vaughan p o r c i n e  k id n e y  c e l l s .
The fo l lo w in g  BTV types were used:-BTVl(E^BHKy), 
btv2( e 1bhk6 ) , btv3 ( e 1bhk5) , btvM e ^ hk^  , btv5 ( e 2bhk4 ) , 
BTV6(E3BHK4 ) , BTV10(E1BHK7) , BTV16(E2BHK6 ) , BTV17(Wyoming 
s t r a i n ) .
b) Other v i r u s e s .
Pseudorabies  v i r u s  was s u pp l ied  by the Centra l  Veter inary  
Laborator ie s  (CVL), Weybridge. Ibaraki  v i r u s  (BHK3) was 
obtained from the N at ion a l  I n s t i t u t e  o f  Animal Heal th ,  Tokyo,  
Japan. E p iz o o t ic  Haemorrhagic D i s e a s e  (EHD) v i r u s ,  New J e r s e y  
s t r a i n  (BHK5) was supp li ed  by K. Herniman (AVRI). Corr iparta  
(BHK6) by Miss J .  Taylor (Queensland I n s t i t u t e  for Medical  
Research,  A u s t r a l i a )  and V e s i c u la r  S t o m a t i t i s  v i r u s ,  Indiana  
s t r a i n  (BHK5) and aphtho v i r u s  ( ty p e  0) by Dr. Hedger (AVRI).  
I n f e c t i o u s  bovine  r h i n o t r a c h e i t i s  v i r u s  (IBR) was s u pp l ied  by 
P. Roeder (CVL).
c)  Growth and s t o r a g e .
A l l  BTV t y p e s ,  o ther  o r b i v i r u s e s  and VSV were grown on BHK 
c e l l s .  Pseudorabies  v iru s  was grown in rena l  swine c e l l s  ( IB -  
RS-2) and IBR v i r u s  in GBK c e l l s .  Virus was added to  a 
c o n f lu e n t  monolayer o f  the appropr iate  c e l l  l i n e  a t  a 
m u l t i p l i c i t y  o f  i n f e c t i o n  (MOI) o f  1. A f ter  absorpt ion  for 1
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hour at  37°c monolayers were refed  with  maintenance media.
When approximate ly 70% o f  the c e l l s  showed ev id ence  o f  
c y to p a th o lo g y  the media was removed, c e n t r i f u g e d  (400xg,  
lOmins. at  4°C) and the r e s u l t i n g  supernatant  s tored  in 1ml 
amounts at  -70°C.  T i t r a t i o n s  o f  v iru s  were c arr ied  out in 
r o l l e r  tubes in the appropriate  c e l l  l i n e .
d) V ir u s  I n a c t i v a t i o n .
B e t a -p r o p r io la c t o n e  (BPL) i n a c t i v a t i o n  o f  v i r u s  was car r ie d  
out us ing  0.3% BPL buffered  with 0.1  M TRIS (Parker <^ t a l .  , 
1975) .  The mixture was incubated at  37°C for 30 minutes and 
then overnight  at  4°C b e fore  u s e .
V ir u s  i n f e c t e d  f ix e d  c e l l  v a c c i n e s  were p re p a r e d  a c c o r d i n g  
t o  the  method of  Powell  (1 9 7 5 ) .  B r i e f l y  BTV i n f e c t e d  L929
c e l l s  express ing  maximal s ur face  membrane v i r a l  ant igen  (24  
hours post  virus  i n o c u la t i o n )  were reacted  wi th  0.15% 
g lu tar a lde hyde  for 30 minutes .  These f ixed  c e i l s  were washed 
three  times in PBS and f i n a l l y  e m u ls i f i e d  with equal  volumes 
of  Freund's complete or incomplete  adjuvant before  
i n t r a p e r i t o n e a 1 i n o c u la t io n  in to  mice.
Heat  i n a c t i v a t i o n  o f  v i r u s  was c a r r i e d  ou t  by i n c u b a t i n g
v i r u s  at  56°C for 60 minutes .
A f t e r  a l l  t h e s e  i n a c t i v a t i o n  p r o c e d u r e s  p r e p a r a t i o n s  were
i n o c u i t y  t e s t e d  by t i t r a t i o n  in BHK c e l l s .
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e)  Vi r us  I s o l a t i o n *
1) From blood.  Heparinised  whole blood was c e n tr i fu g e d  and
the packed c e l l s  washed three  times in an approximately equal  
volume o f  i s o t o n i c  s a l i n e  s o l u t i o n .  These washed c e l l s  were 
then son icated  at  110 watts  for 15 seconds (M.S.E. Soniprep  
1 50) .  This s o l u t i o n  was then d i l u t e d  in 10 fo ld  s t e p s  in 
phosphate buffered  s a l i n e  (PBS) c o n ta in in g  0.2% bovine serum 
albumin (BSA) before  t i t r a t i o n  for the presence o f  BTV in 
r o l l e r  tubes .  Each o f  f i v e  r o l l e r  tubes co n ta in in g  a 24 hour 
old monolayer o f  BHK c e l l s  was inocu la ted  with 0 . 2  ml o f  the  
appropr iate  blood d i l u t i o n  and a f t e r  adsorpt io n  o f  v i r u s  for  
30 minutes at  37°C, monolayers were refed with E a g l e ' s  supp.  
The tubes were then r o l l e d  at  37°C. The fo l lo w in g  day a l l  
c u l t u r e s  were washed twice with PBS and r e fe d .  The monolayers  
were examined d a i l y ,  for e ig h t  days ,  for BTV c ytop atho logy  and 
the media changed every second day. Viraemia l e v e l s  were 
expressed  as Log^Q TOID^/ml o f  o r i g i n a l  packed c e l l s .  In each  
experiment v iru s  i s o l a t e s  were retyped us ing  the v iru s  
n e u t r a l i s a t i o n  t e s t .
Because o f  the r e l a t i v e  i n s e n s i t i v i t y  o f  BHK c e l l s  in 
d e t e c t i n g  low l e v e l s  o f  BTV in t i s s u e s  (McPhee e^ t a_l. , 1982)
the more s e n s i t i v e  11 day old chick  embryo i n o c u la t i o n  system  
was used on oc c as ion s  for blood found n e g a t iv e  for the 
presence  o f  BTV by t i t r a t i o n  in BHK c e l l s .  Eggs were 
inocu la ted  in tr ave n ou s ly  and incubated at  33°C. Embryos that  
died between three and seven days post  i n o c u la t i o n  were then 
ground up and inoc u la te d  onto BHK c e l l s  to  confirm the  
presence  o f  BTV.
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2) From i n f e c t e d  mice.  The heart  and a small  s e c t i o n  o f  
the sp leen  was removed immediately a f t e r  k i l l i n g  the mice and 
s tored  at -70°C.  Before  t i t r a t i o n  the heart  and sp leen  were 
ground up with s t e r i l e  sand and the mixture suspended in PBS 
c o n ta in in g  0.2% BSA to  g i v e  a 10% (w/v)  suspens ion .  Af ter  
s o n i c a t i o n  the samples were c e n t r i f u g e d  (200xg for 5 minutes )  
and the r e s u l t i n g  supernatant  d i l u t e d  in  10 fo ld  d i l u t i o n  
s t e p s  in PBS + 0.2% BSA. D i l u t i o n s  were then t i t r a t e d  in 
monolayer r o l l e r  tubes c u l t u r e s  o f  BHK c e l l s  us ing  5 tubes per  
d i l u t i o n .
5 ) S e r o l o g i c a l  P r o c ed u r es .
a^  P r e c i p i t a t i n g  a n t i b o d y  d e t e c t i o n .
Agar g e l  t e s t s  for BTV g r o u p - s p e c i f i c  p r e c i p i t a t i n g  
a n t ib o d ie s  (Jochim and Chow, 1969)  were conducted on 
microscope s l i d e s  us ing  ant igen  der ived  by ammonium s u lp h a te  
p r e c i p i t a t i o n  o f  i n f e c t e d  c e l l  c u l t u r e s  (E i sa  et^ j lL . , 1982) .  
Two ml o f  a 1% s o l u t i o n  o f  l i t e x  agarose in borate b u f fer  
(9.0gm b or ic  ac id + 2.0gm sodium hydroxide in 1 l i t r e  o f  
d i s t i l l e d  water,  pH 9 .0 )  was added to each microscope s l i d e  
( s i z e  76x26mm). A c u t t e r  was used to g i v e  a s i x - w e l l  r o s e t t e  
around a c e n t r a l  w e l l  (F ig  2a ) .  Each w e l l  had a diameter o f  
5mm and there was a d i s t a n c e  o f  8mm between the middle o f  the  
c e n t r a l  w e l l  and the middle o f  p e r ip h e ra l  w e l l s .  The reagen ts  
and t e s t  sera  were placed in the w e l l s  as shown in Fig 1. The
s l i d e s  were incubated at  room temperature and examined for
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Fig .  2a: D i s t r i b u t i o n  of  reagents  and t e s t  serum in w e l l s ,  
used in the agar g e l  p r e c i p i t a t i o n  t e s t  for the d i a g n o s i s  o f  
BTV ant ib od ie s
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p r e c i p i t i n  l i n e s  d a i l y  for 3 days .
P o s i t i v e  c on tro l  sera  was placed next  to  t e s t  sera  to enable  
l i n e s  o f  i d e n t i t y  to be r e c o g n is e d .
b) N e u t r a l i s i n g  a n t i b o d y  d e t e c t i o n .
T e s t s  for n e u t r a l i s i n g  a n t ib o d ie s  to  BTV types were c a r r i e d  
out u s in g  a m i c r o - n e u t r a l i s a t i o n  system with an i n i t i a l  serum 
d i l u t i o n  o f  1 /10 ,  and 100 TCID o f  v i r u s  per w e l l .  Equal 
amounts ( 100)il/we 11) o f  serum and v i r u s  were incubated in  
d u p l i c a t e  for 1 hour at 37°C and then overnight  at  4°C b e f o r e  
the a d d i t io n  o f  c e l l s  ( 5 0 j i l / w e l l ,  5x10^ c e l l s / m l ) .  I t  was 
necessary  to double the number o f  c e l l s  added to  t e s t  w e l l s  
when examining sera  from animals which had rece ived  three  
d i f f e r e n t  BTV types owing to the c y t o t o x i c  e f f e c t  o f  these  
sera  a g a in s t  BHK c e l l s  (Herniman et  ^ a ^ . , 1983) .  P l a t e s  were 
incubated at  37°C and examined 3 and 5 days l a t e r  for ev id en ce  
o f  v i ru s  induced c y to p a t h o l o g y . R e s u l t s  were expressed  as that  
d i l u t i o n  o f  serum n e u t r a l i s i n g  50% o f  v i r u s  i n f e c t e d  w e l l s  
(VN^o). Virus and p o s i t i v e  and n e g a t iv e  serum c o n t r o l s  were 
inc luded wi th  each batch  o f  s e ra  t e s t e d .
c)  ELISA f i x i n g  a n t i b o d i e s .
Se ra  from mice i n f e c t e d  w i t h  BTV were t i t r a t e d  f o r  the  
p r e s e n c e  o f  BTV a n t i b o d i e s  by t h e  group  s p e c i f i c  ELISA t e s t  
(Hubschle  e t  a l . ,  1981) .  Wells  o f  96 w e l l  m i c r o t i t r e  p l a t e s
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(Flow Lab. L td . )  were l a b e l l e d  with freon e x tr a c ted  BTV group 
ant igen  (Hubschle and Yang, 1983) .  Test  mouse serum d i l u t e d  in 
PBS co n ta in in g  1% BSA plus  0.03% tween 20 (PBS:BSA) was added 
to  the w e l l s  and the p l a t e s  placed in an o r b i t a l  shaker for 1 
hour at 37°C. Fo l lowing t h i s  horse rad i sh  peroxidase  
conjugated  rabbi t  ant i-m ouse  serum (DAKO Immmunoglobulins, 
Denmark) d i l u t e d  1/2000 in PBS:BSA was added and the mixture  
again shaken at  37°C for 1 hour.  Between each s ta g e  p l a t e s  
were washed 4 t imes in PBSrBSA. F i n a l l y  the s u b s t r a t e  ( o r t h o -  
phenylene diamine,OPD) was added and the r e a c t io n  stopped 10 
minutes l a t e r  with H^SO^. The o p t i c a l  d e n s i t y  was read u s in g  
an automated ELISA scanner (Flow Lab. L t d . )
6) BTV3 Immune Sera Product ion .
S ix  weeks a f t e r  i n o c u l a t i o n  with BTV3, e ig h t  sheep were 
s la u g h te r e d ,  t h e i r  blood c o l l e c t e d  a s e p t i c a l l y  and pooled .  
A f ter  c l o t t i n g ,  the serum was removed, heat  i n a c t i v a t e d  (1
hour at 56°C) and s tored  at  -20°C.  The BTV n e u t r a l i s i n g  
antibody  t i t r e  and type s p e c i f i c i t y  o f  t h i s  serum was 
e s t a b l i s h e d  us ing  the v iru s  m i c r o - n e u t r a l i s a t i o n  t e s t .
7) Measurement o f  C e l l  Surface  Bound Anti-BTV An tibody.
GBK c e l l s  in a 30mm p l a s t i c  p e t r i  d i s h  were i n f e c t e d  wi th  
BTV at  an MOI o f  1. Af ter  in cubat ion  overnight  c e l l s  were 
removed by v igorous  p i p e t t i n g ,  washed three t imes in Glasgow
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modified E a g l e ' s  medium and f i n a l l y  resuspended in RPMI and 
adjus ted to 10^ c e l l s / m l .  One ml c e l l  suspens ions  were then 
added to an equal  amount o f  serum ( d i l u t e d  1 /20)  and the 
mixture l e f t  for 1 hour at 4°C. A f ter  c e n t r i f u g i n g  (200xg,  5 
minutes  at  4°C) the c e l l  p e l l e t  was washed twice in PBS b e fo r e  
resuspending in 2ml o f  Glasgow modif ied E a g l e ' s  medium. Two ml 
o f  a 1/2000 d i l u t e d  perox id ase  conjugated rabbi t  a n t i - s h e e p  
immunoglobulin (DAKO Immunoglobulins, Denmark) was added and 
the mixture incubated for 1 hour at  4°C b e fo re  washing the 
c e l l s  three times in PBS and f i n a l l y  resuspending in lOOpl o f  
PSA:BSA. These c e l l s  were then added to a m i c r o t i t r e  p l a te  
w e l l  (Flow Lab. L t d . )  and the p l a t e  c e n t r i f u g e d  (400xg,  10 
minutes  at  4°C).  The supernatant  was removed and lOOjil o f  OPD 
added to the w e l l .  A f ter  10 minutes at  room temperature lOOjil 
o f  H^ SO^  was added and the o p t i c a l  d e n s i t y  was read us ing  an 
automated ELISA scanner (Flow Lab. L t d . ) .
8) Chromium Re l e a s e  A s s a y s .
a)  Murine C y t o t o x i c  T Lymphocytes .
( i )  Confluent monolayers o f  L929 and 3T3B c e l l s  in 90 mm 
p l a s t i c  p e t r i  d i s h e s  were s im u l ta n eo u s ly  incubated wi th  lOO i^Ci 
o f  N a ^ ^ C O O ^  (Radiochemical  Centre ,  Amersham) and BTV at  a 
MOI o f  1. Af ter  one hour at  37°C, c e l l s  were washed twice in 
E a g l e ' s  medium, refed with f r e s h  medium and l e f t  for twenty 
four hours.  They were then removed from the d i s h e s  with  
t r y p s i n  and v e r se n e ,  washed three  t imes in E a g l e ' s  medium and
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adjusted  in RPMI-HEPES to  10^ c e l l s / m l .  These ta r g e t  c e l l s  
were added in lOO i^l volumes ( lO^ce 1 I s /m l)  to  f l a t  bottomed 
m i c r o t i t r e  p l a t e s .  Mouse s p l e n o c y t e s  ( s e c t i o n 3 ,  b) were then  
added in lOOjil s u spens ions  and p l a t e s  were incubated at  37°C 
in a humidif i ed incubator c o n t a in in g  5% CC  ^ in a i r  for seven  
hours .  A l l  a ssays  were c a r r i e d  out in s i x  w e l l  r e p l i c a t e s  
u s in g  var ious  e f f e c t o r  to  t a r g e t  r a t i o s .  P l a t e s  were then 
c e n t r i f u g e d  (200xg,  for 1 minute at  4°C) b e fore  h a l f  o f  the  
c o n t e n t s  o f  each w e l l  was removed and used to e s t im a te  the
r e l e a s e  o f  (*^Cr) us ing  a gamma counter  (MR1032, Kontron 
L t d . ) .
( i i )  The percentage  s p e c i f i c  l y s i s  o f  (^*Cr) was c a l c u l a t e d  as  
f o l l o w s : - ( E f f e c t o r  c e l l / t a r g e t  c e l l  r e l e a s e  minus t a rg e t  c e l l  
alone  r e l e a s e )  d iv id ed  by ( T o t a l  r e l e a s a b l e  chromium minus 
t a r g e t  c e l l  alone r e l e a s e )  m u l t i p l i e d  by 100. Tota l  r e l e a s a b l e
chromium was o b t a i n e d  by ex p o s in g  t a r g e t  c e l l s  to  2 .0  p e r c e n t  
T r i t o n  X-100.
( i i i )  For jln v i t r o  c u l t u r e s  s p l e e n s  were removed from mice 
in o c u la te d  at  l e a s t  fourteen  days p r e v io u s l y  with i n a c t i v a t e d  
or l i v e  v i r u s .  F i f t e e n  ml o f  a s p l e e n  c e l l  suspens ion  adjus ted  
to  conta in  106c e l l s / m l  in RPMI-HEPES p lus  5 x 10-5  M 2-  
mercaptoethanol  was incubated in p l a s t i c  f l a s k s  (Fa lcon  f l a s k  
number 3024F) w i th  1 ml o f  l i v e  or i n a c t i v a t e d  BTV. A f t e r  5 
f i v e  days at  37°C in a humidif i ed  atmosphere c o n ta in in g  5% CO^  
c e l l s  were h ar ve s te d ,  washed twice in E a g l e ' s  medium and 
resuspended in RPMI-HEPES. The number o f  v i a b l e  c e l l s  was 
counted us ing  trypan blue  dye e x c l u s i o n  (approx imately 30% o f
cu l tured  c e l l s ) ,  b e fo re  used in chromium r e l e a s e  a ssays  as
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e f f e c t o r  c e l l s  a g a in s t  L929 i n f e c t e d  BTV t a r g e t s  ( s e c t i o n  a ) .
b) 1 Cold T a r g e t ' Com pet it ive  I n h i b i t i o n .
D e t a i l s  o f  t h i s  assay  procedure have been descr ibed  
e lsewhere  (Z inkernage l  and Doherty,  1975) .  B r i e f l y  u n l a b e l l e d  
or ' c o l d '  L929 c e l l s  i n f e c t e d  wi th  the appropr ia te  BTV type  
were mixed with e f f e c t o r  sp le e n  c e l l s .  This  was immediately  
fo l lowed by the a d d i t io n  o f  Cr) l a b e l l e d  L929 c e l l s  
i n f e c t e d  with the same or d i f f e r e n t  BTV t y p e s .  Assays were 
then c ar r ie d  out as d e sc r ib e d  in s e c t i o n  a ( i ) , ( i i )  .
c)  Ovine C y to to x ic  T Lymphocytes .
A s i m i l a r  assay  procedure as used p r e v io u s l y  for the study  
of  murine CTL's ( a ( i ) , ( i i ) )  was c a r r i e d  out .  Ovine PBL's,  
obta ined  d a i l y  from animals fo l l o w in g  the in o c u la t i o n  o f  BTV, 
w e r e u s e d  as e f f e c t o r  c e l l s .  Third or four th  t i s s u e  c u l t u r e  
passaged primary LT c e l l s  in f e c t e d  with BTV 24 hours 
p r e v io u s l y  and l a b e l l e d  overn ight  with ( ^ C r )  acted  as t a r g e t  
c e l l s  in a 7 hour chromium r e l e a s e  as say .
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d)  Ant ibody  Dependent  C e l l  M edia ted  C y t o t o x i c i t y .
GBKs, LFK or LT c e l l s  were i n f e c t e d  at  a MOI o f  1 wi th  BTV 
or IBR and s im u l ta n eo u s ly  l a b e l l e d  wi th  Cr) ( s e c t i o n  
a ( i ) ) .  Twenty four hours l a t e r  these  c e l l s  were used as t a r g e t  
c e l l s .  Bovine udder macrophages or p e r ip h e ra l  blood  
l e u c o c y t e s ,  ov ine  udder macrophages,  udder n e u t r o p h i l s  or 
p e r ip h e ra l  blood l e u c o c y t e s  were used as e f f e c t o r  c e l l s .
Assays were s e t  up w i t h  e f f e c t o r  t o  t a r g e t  c e l l  r a t i o s  o f
100:1 p lus  the a d d i t io n  in 50jil amounts o f  BTV or IBR immune 
se ra  at  a f i n a l  c o n c e n tr a t io n  o f  1:50 .  Appropriate  c o n t r o l s  
were inc luded on each p l a t e  b e fo r e  incubat io n  for 7 hours.  
P l a t e s  were then tre a te d  as d e sc r ib e d  in s e c t i o n  a ( i )  and 
l y t i c  a c t i v i t y  c a l c u l a t e d  as shown in s e c t i o n  a ( i i ) .
9) I n t e r f e r o n  Assay.
a) I n t e r f e r o n  I n d u c t i o n .
A c o n f lu e n t  layer  o f  GBK c e l l s  was i n f e c t e d  with BTV4 at  a 
MOI o f  1. After  24 hours the c u l t u r e  f l u i d  was removed and 
c e n t r i f u g e d  (400xg for 10 m i n s . ) .  The supernatant  was then 
t re a te d  at  pH 2 for twenty four hours,  a procedure known to  
i n a c t i v a t e  BTV (Rinaldo e^ j^l. , 1973) .  The pH was then
returned to 7 .2  by d i a l y s i s  a g a in s t  PBS be fore  f i n a l l y  s t o r i n g  
the f l u i d  in 1 ml amounts at  -70°C.
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b) I n t e r f e r o n  Assay.
A 1ml amount o f  the p u t a t i v e  i n t e r f e r o n  ( d i l u t e d  1:20 in PBS 
plus  0.2% BSA) was added to c o n f lu e n t  GBK monolayers grown in 
a 6 x 24 w e l l  p l a s t i c  p l a t e  (Flow Lab. L t d . )  The p l a t e s  were 
incubated overnight  at  37°C in 5% CC>2 . Monolayers were then 
washed twice  in PBS b e f o r e  be ing  i n f e c t e d  wi th  0 .2  ml o f  the  
appropriate  d i l u t i o n  o f  BTV or VSV. A f t e r  one hour absorpt io n  
at  37°C, the v iru s  was removed and 2ml o f  over lay  c o n t a in in g  
E a g l e ' s  supp and 0.5% agarose  was added. Twenty four hours  
l a t e r  in the case o f  VSV and 72 hours l a t e r  in the case  o f  BTV 
a s s a y ,  1 ml o f  a s o l u t i o n  c o n t a in in g  1 :1 0 ,0 0 0  methylene blue  
and 4% formaldehyde was added. Plaque counts  were made the  
fo l l o w in g  day a f t e r  removal o f  the ove r lay  by washing. Wells  
c o n t a in in g  c e l l s  not exposed to i n t e r f e r o n  were included as 
v i r u s  t i t r a t i o n  c o n t r o l s .  The r e s u l t s  were expressed as % 
reduct ion  o f  plaque forming u n i t s  between v iru s  c o n t r o l s  and 
i n t e r f e r o n  treated  c e l l s .
10) C e l l u l a r  Adopt ive  T r a n s f e r  T e c h n i q u e s .
a)  T h o r a c i c  Duct  C a n n u l a t i o n
Donor monozygotic animals were in o c u la t e d  with 10^ TOID^/ml  
o f  BTV and thorac ic  duct  cannu la t ion  was carr ied  out 7 or 14 
days l a t e r .  Animals were s tarved  o f  food and water for twelve  
hours b e fore  induct io n  o f  a n a e s t h e s i a  was obtained us ing  
sodium th iopentone  ( I n t r a v a l  Sodium),  in tr a v e n o u s ly  i n j e c t e d
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( lg/ lOOkg body w e i g h t ) .  Fo l lowing i n t u b a t i o n ,  a n a e s th e s i a  was 
maintained us ing  halothane in a c lo s e d  c i r c u i t  system.  
S u p e r f i c i a l  b lunt  d i s s e c t i o n  o f  o v e r ly i n g  t i s s u e  in the neck 
immediatedly above the prescap u lar  area enabled the thorac ic  
duct  to  be loca ted  at a po int  where i t  empties  in to  the l e f t  
ju gu lar  v e in .  Transparent p o l y v in y l  tubing  o f  i n t e r n a l  
diameter  1.35 mm (P o r te x  L td . )  was used to  cannulate  the duct  
and was secured in p lac e  by two s u tures  placed 8mm apart  along  
the thor ac ic  duc t .  The tubing  was e x t e r i o r i s e d  in the neck 
r eg ion  and d i r e c t e d  i n t o  a s t e r i l e  p l a s t i c  200ml b o t t l e  
at tached  by a c o l l a r  to  the neck o f  the animal .  The b o t t l e  
conta in ed  l , 0 0 0 i u  o f  heparin ,  10 ,0 0 0 iu  p e n i c i l l i n  and lOmg o f  
s trep tom yc in .  When f u l l ,  which took approximately  1 to  2 
hours ,  the b o t t l e  was replaced  u n t i l  the required number o f  
c e l l s  were c o l l e c t e d .
Pooled c o l l e c t i o n s  o f  th o r a c ic  duct  lymphocytes (TDL) from 
each animal were washed three t imes in RPMI-HEPES at  4°C. C e l l  
v i a b i l i t y  was checked and found to be approximately  98%. TDL's 
and f lu i d  were a l s o  examined for the presence  o f  BTV and BTV 
a n t i b o d i e s .
b)  C e l l  C h a r a c t e r i s a t i o n .
TDL's were c h a r a c t e r i s e d  u s in g  f l u o r e s c e i n  c o n j u g a t e s  o f  
r a b b i t  a n t i - s h e e p  IgG (M i les -Yeda  L t d . )  f o r  i d e n t i f i c a t i o n  o f  
B c e l l s  and pe a n u t  a g g l u t i n i n  ( A r a c h i s  h y poga e a , Sigma
Chemicals L td . )  for T c e l l  i d e n t i f i c a t i o n .  In each case  a 1ml
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amount o f  c e l l  suspens ion  (approx im ately 5x10^ c e l l s / m l )  was 
mixed with an equal  amount o f  a 1/10 d i l u t i o n  in PBS o f  the  
c on ju ga te .  The mixture was incubated for 1 hour a t  4°C and 
then washed three t imes in PBS b e fore  microscop ic  examinat ion .  
The percentage  o f  c e l l s  showing su r fac e  f lu o r e s c e n c e  in the  
c e l l  suspens ion  was obtained  by the examination o f  at  l e a s t  
300 c e l l s .
c)  T C e l l  Enr ic hm en t  P r o c e d u r e s .
i )  A n t i - sh e e p  immunoglobulin:-  Normal sheep serum was 
p r e c i p i t a t e d  us ing  sodium su lp h ate  (18% f i n a l  c o n c e n tr a t io n )  
(Hudson and Hay, 1 9 7 6 ) . The r e s u l t i n g  p r e c i p i t a t e  was then 
r e d i s s o l v e d  in a small  amount o f  PBS and d i a ly s e d  a g a in s t  PBS 
overn ight  at +4°C. This  s o l u t i o n  was adjus ted  to  conta in  
2mg/ml o f  immunoglobulin and e m u ls i f i e d  wi th  an equal  volume 
o f  Freunds incomplete  adjuvant .  Rabbits  were inocu la ted  once  
weekly for four weeks at  m u l t i p l e  s i t e s  with  1ml amounts o f  
the e m u ls i f i e d  a n t ig e n .  The r a b b i t s  were bled  out 1 week 
l a t e r .  The pooled rabbi t  serum was p r e c i p i t a t e d  again us ing  
sodium su lphate  and adjus ted  to  conta in  lmg/ml o f  
immunoglobulin.
i i )  Coating o f  P l a s t i c  P l a t e s  With A n t i - I g : -  Fourteen ml o f  
r a b b i t  a n t i - s h e e p  Ig was added to each 140mm p l a s t i c  p e t r i  
d i s h  ( S t e r i l i n  Ltd. No. 305v)  and incubated for 18 hours at  
+4°C. Immediately pr ior  to  use  o f  the p l a t e s  the a n t i - I g  was 
drawn o f f  c a r e f u l l y  and the p l a t e s  washed three t imes in 15ml
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o f  PBS.
i i i )  C e l l  Enrichment:-  TDLs were adjusted  to  conta in  1.5 x 10^ 
c e l l s / m l  in b icarbonate  free  c u l t u r e  medium c o n t a in in g  5% 
f o e t a l  c a l f  serum. Twenty-one ml o f  TDLs were added to each  
l a b e l l e d  p e t r i  d i s h  and incubated  for 30 minutes  at  room 
temperature on a l e v e l  t a b l e .  A f t e r  t h i s  time the p l a t e s  were 
l i g h t l y  a g i t a t e d  and incubated for an a d d i t i o n a l  30 minutes .  
The non-adherent c e l l s  were then removed by c a r e f u l  p i p e t t i n g  
and these  c e l l s  added to a f r e s h  l a b e l l e d  p e t r i  d i s h  and the 
procedure r epea ted .  At each s ta g e  samples o f  adherent c e l l s  
were removed and checked for c e l l  composi t ion  us ing  the 
s p e c i f i c  B and T c e l l  f l u o r e s c e i n  c o n j u g a te s .
d) C e l 1 Trans fer .
In  each  c a se  the r e c i p i e n t  monozygot ic  animal  r e c e i v e d
9approximately  6 x 10 o f  e i t h e r  the t o t a l  or T c e l l  enr iched  
p opula t io n  o f  washed TDLs in a 20ml amount. C e l l s  were g iven  
in tr a v e n o u s ly  and animals were c h a l lenged  with  BTV 12 hours  
l a t e r .
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C h a p te r  T h r e e .
HUMORAL IMMUNITY; VIRUS NEUTRALISATION STUDIES. 
I n t r o d u c t io n
This  chapter d e s c r i b e s  the humoral response and c l i n i c a l  
m a n i f e s t a t io n s  to s i n g l e ,  s e r i a l  and s imultaneous v i ru s  
i n o c u l a t i o n  in B r i t i s h  breeds o f  sheep and c a t t l e .
C l a s s i c a l l y  'serum n e u t r a l i s a t i o n  data  has been used both  as  
an i n d i c a t i o n  o f  l i k e l y  p r o t e c t i o n  ag a in s t  d i s e a s e  and as an 
e p i d e m i o lo g i c a l  to o l  to  d e f in e  the v i ru s  types present  in a 
p a r t i c u l a r  area .  In the f i e l d  animals are l i k e l y  to  be 
s im u l tan eou s ly  or s e q u e n t i a l l y  cha l lenged  by a number o f  v i r u s  
types although the l i t e r a t u r e  con ta in s  no information on the  
p o s s i b l e  s e r o l o g i c a l  e f f e c t  t h i s  might have. Hence t h i s  work 
was undertaken in the hope that  t h i s  knowledge would a l lo w  a 
b e t t e r  a n a l y s i s  o f  f i e l d  sera  data and perhaps help in 
improving current vacc ine  d e s ig n .
Experimental  de s ig n
A summary o f  v iru s  i n o c u la t i o n s  and c h a l l e n g e s  can be seen  
in Table 3a. At the time o f  each c h a l l e n g e  v i r u s  i n o c u la t i o n
Table  3a: BTV i n o c u l a t i o n s  c a r r i e d  out  in sheep  and c a t t l e
Exp. s p e c i e s  nos .  primary f i r s t  nos.  o f  second nos .  o f
i n o c u l a t i o n  c h a l l e n g e  c o n t r o l s  c h a l l e n g e  c o n t r o l s
(a) sheep 4 BTV5 BTV3 ( 4 3 ) a 2
(b) sheep 8 BTV4 BTV3 (66) 4 BTV6 (176) 4
(c) sheep 4 BTV3 BTV6 (38) 2
(d) sheep 4 BTV4 BTV6 (44) 2
(e) sheep 8 BTV2 BTV 5 (112) 4 BTV6 (224) 4
( f ) cat  t l e 4 BTV4 BTV3 (120) 2 BTV6 (286) 2
(g) sheep 4 BTV3,4 and 6
3 • • •The f ig ure  in brackets  is  the number o f  days post  primary v i r u s  
i n o c u la t i o n  that the c h a l l e n g e  v iru s  was administered
31
animals  not p r e v io u s l y  exposed to BTV were inocu la ted  to ac t  
as s i n g l e  v iru s  i n o c u la t i o n  c o n t r o l s .
R e s u l t s
S e q u e n t ia l  i n o c u l a t i o n s ; sheep
a) I n o c u l a t i o n  and c h a l l e n g e  o f  sheep wi th  BTV5
1) Primary i n o c u l a t i o n  o f  BTV5
a) C l i n i c a l  r e s p o n s e : -  The four sheep in oc u la te d  with  BTV5 
showed an in cubat io n  period o f  f i v e  days fol lowed by a pyrex ia  
l a s t i n g  f i v e  days (F ig  3a,  Table 3b);  the mean peak 
temperature for t h i s  group o f  animals was 40.3°C a t t a i n e d  on 
day 6 p i .  No other  c l i n i c a l  a b n or m al i t ie s  were observed.  Virus  
was d e t e c t e d  in the blood by day 2 pi  in a l l  four sheep and 
rose  to peak l e v e l s  between days 6 and 8. Viraemia l e v e l s  
d e c l in e d  s lo w ly  but v iru s  cont inued to be recovered from the  
blood u n t i l  day 23 in two o f  the four animals .
b) Antibody r e s p o n s e : -  A l l  four animals developed BTV 
g r o u p - s p e c i f i c  p r e c i p i t a t i n g  a n t ib o d ie s  which were f i r s t  
d e t e c t e d  by day 10 pi  and remained for the r e s t  o f  the  
experiment.  The presence  o f  n e u t r a l i s i n g  antibody to  BTV5 was 
f i r s t  d e t e c t e d  by day 10 p i  in three  o f  the four sheep and by
day 11 in the fourth  animal .  The l e v e l  o f  n e u t r a l i s i n g  
antibody rose to maximun t i t r e s  o f  around 1/120 by day 15.
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Table  3b: C l i n i c a l  r esponse  t o  Che i n o c u l a t i o n  of  BTV in  sheep and c a t t l e
Exp. v i r u s on se t day o f d u r a t i o n  onse t peak day o f l e n g t h
used o f peak o f o f v i r aemia i peak o f
p y re x i a py rex i a p y re x i a  v i r aemia v i r aemi a v i  raemia
( a )  BTV5 3a 7 5 2 5 .4 b 7 ( 2 ) C8(2 ) 21(2)  23(2)
BTV5 no py rex i c or v i r aemic  response
(b)  BTV4 3 7 3 2 5-2 7 24(6)  26(2)
BTV3 4 6 3 3 5 .0 8 19
( p r i n c i p a l s)
BTV 3 6 7 4 3 5 .2 7 19
( c o n t r o l s )
BTV6 no py rex i c or  ■vi r aemic  r esponse
( p r i n c i p a l s)
BTV6 6 6 3 4 3 . 9 7 27 (3 )  21(1)
( c o n t r o l s )
( c )  BTV4 6 7 2 3 4 . 0 7 24
BTV6 4 7 2 2 3 . 6 7 18
( p r i n c i p a l s )
BTV3 6 7 4 3 5 .2 7 19
BTV6 4 7 2 3 3 .2 7 16
(d )  BTV2 6 9 4 3 3 .3 7 14
BTV 5 5 6 2 2 (1 )  3(3) 5.1 8 22
( p r i n c i p a l s )
BTV5 6 7 2 2 5 .5 7 21
( c o n t r o l s )
BTV6 no p y r ex i c  or v i r aemic  response
( p r i n c i p a l : s)
BTV 6 6 7 2 2(2)  3(2) 4 . 2 9 22
( e )  BTV 4 no py rex i c  r e sponse  
no py rex i c  r e sponseBTV 3 
( p r i n c i p a l s )
BTV3 no py rex i c  r e sponse
( c o n t r o l s )
BTV6 no py rex i c  r e sponse
( p r i n c i p a l s )
BTV6 no py rex i c  r e sponse
( c o n t r o l s )
5 5 . 2  11(3)  12(1) 30(1)  45(3)
3(3 )  4(1)  2 . 5  7 31
4 3 . 2  7 33
6 ( 1) 2 . 8 ( 1) 10 20
3/4  no v i r aemic  r esponse  
4 4 .1 8 20
( f )  BTV4,3 
and 6
5 .8 31
a Days pos t  i n o c u l a t i o n  o f  v i r u s
V i r a e o i a  exp re s sed  as logjgTCID50/ml 
C Number in  b r a c k e t s  r e p r e s e n t s  number o f  animals  i n  t h a t  group which gave the  
r e s po ns e .  No b r a c k e t s  i n d i c a t e s  t h a t  a l l  animals  in  t he  group gave t he  same 
r e s po ns e .
53
u
o
UJ
4 0 0cO
<C
UJ
3 9 6
<
o
UJ
C
39 22
<
UJ
2
OATS P O S T -IN O C U L A T IO N
2 
UJ
O^1 c
F ig .  3a: Temperature and viraemia response o f  sheep f o l lo w in g  
i n o c u l a t i o n  o f  BTV
Recta l  temperature C
Viraemia TCIH^/ml
R e s u l t s  c a l c u l a t e d  as a r i th m e t ic  mean o f  four animals
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2^ Chal lenge  wi th  BTV5 (day 43 p i )
a) C l i n i c a l  r e s p o n s e : -  Fol lowing c h a l l e n g e  with the 
homologous v iru s  type no pyrexia was seen for the fo l l o w i n g  21 
days and BTV could not be d e t e c t e d  in the blood o f  these  
a n im a l s .
b) Antibody r e s p o n s e : -  No s i g n i f i c a n t  in c re ase  in 
n e u t r a l i s i n g  ant ibody occured f o l low in g  c h a l l e n g e  (F ig  3b) .  
Sera from these  animals were a l s o  examined for the presence  o f  
a n t ib o d ie s  to the remaining 21 BTV types and no n e u t r a l i s i n g  
a n t ib o d ie s  were d e t e c t e d  a g a in s t  any o f  t h e s e .
b) I n o c u l a t i o n  o f  sheep wi th  BTV4 fo l lowed by s e q u e n t i a l  
c h a l l e n g e  wi th  types _3 and 6.
1) Primary i n o c u l a t i o n  o f  BTV4
a) C l i n i c a l  r e s p o n s e : -  The blood v irus  l e v e l s  and 
temperature responses  were s im i la r  to those descr ibed  above 
for BTV5 (Table 3b) .
b) Antibody r e s p o n s e : -  A l l  e ig h t  animals produced 
p r e c i p i t a t i n g  a n t ib o d ie s  to  BTV by day 11 pi  and t hese  were 
maintained throughout the remainder o f  the exper iment.  The
55
NE
UT
R
AL
IS
IN
G
 
AN
TI
BO
DY
 
Tl
TR
E
TOO
B.T.V. 5V 5
DAYS POST - 1NOCULATION
Fig .  3b: Development o f  n e u t r a l i s i n g  a n t ib o d ie s  to BTV type 5.
0  — #  N e u t r a l i s i n g  a n t ib o d ie s  to  BTV5. T i t r e s
c a l c u l a t e d  as geometric  mean from four  
sheep o f  r e c i p r o c a l  and
expressed as n e u t r a l i s i n g  ant ibody t i t r e .
56
160"
uia
--- 4
>
o
om
O
2
20<
a:
h>D
UJ
2
6 04 0 8 0 10020 200180
BTV6
120 140 1 6 0 220
BTV3
DAYS P O S T - I N O C U L A T I O N  W I T H  B T V  4
F ig .  3 c : Development o f  n e u t r a l i s i n g  a n t ib o d ie s  to  BTV types  
4,  3 and 6 f o l lo w in g  the s e r i a l  i n o c u l a t i o n  o f  these  BTV 
t y p e s .
. O '  — 0  N e u t r a l i s i n g  a n t ib o d ie s  to  BTV4
^  — — — — — ^  N e u t r a l i s i n g  a n t ib o d ie s  to  BTV3
Y y N e u t r a l i s i n g  a n t ib o d ie s  to  BTV6
Time expressed  as days a f t e r  i n o c u l a t i o n  o f  BTV4; BTV3 
in o c u la t e d  day 66; BTV6 in o c u la t e d  day 176. Antibody t i t r e  
c a l c u l a t e d  as geometric  mean from e i g h t  sheep o f  r e c i p r o c a l
l o g 10VN50
57
development o f  n e u t r a l i s i n g  a n t ib o d ie s  to BTV4 can be seen in 
Fig .  3c.  Examination for the presence o f  a n t ib o d ie s  to the  
other  19 BTV types (nb.  only t h i s  number o f  types were 
recogn ised  at the time o f  t h i s  experiment)  at  day 24 pi  gave  
n e g a t i v e  r e s u l t s .
2) Ch all enge  i n o c u l a t i o n  wi th  BTV3 ( d a y 6 6 p i )
a) C l i n i c a l  r e s p o n s e : -  The temperature and viraemia  
responses  were s i m i l a r  to  that  seen fo l lo w in g  the i n i t i a l  BTV4 
i n o c u l a t i o n  and a l s o  no d i s t i n c t i o n  could be made between the  
pyrex ia  and viraemia e s t a b l i s h e d  in these  animals when 
compared to a group o f  c o n t r o l  sheep which r e ce iv ed  only BTV3 
(Table 3b) .
b) Antibody r e s p o n s e : -  The four c o n t r o l  sheep showed a 
n e u t r a l i s i n g  ant ibody response to type 3. The p r i n c ip a l s  
( th o s e  animals that  had been p r e v io u s ly  in oc u la te d  with BTV.) 
a l s o  deve loped a type 3 n e u t r a l i s i n g  antibody response  
togethe r  with an in c re ase  in the p r e v io u s l y  e s t a b l i s h e d  type 4 
n e u t r a l i s i n g  ant ibody response (F ig  3 c ) .  Sera were a l s o  
examined for the presence  o f  n e u t r a l i s i n g  a n t ib o d ie s  to a l l  
other  BTV t y p e s .  The presence o f  n o n - s p e c i f i c  n e u t r a l i s i n g  
substances  in the sera  o f  some animals (Klontz  £ t  aj_. , 1962)  
makes i t  d i f f i c u l t  to  s t a t e  c l e a r l y  the lowest  n e u t r a l i s i n g  
antibody t i t r e  to  be cons id ered  as p o s i t i v e  ev id ence  o f  the  
animal having exper ienced  BTV. However, in these  exper iments  
the lowest  d i l u t i o n  at which sera  were t e s t e d  was a 1/20 f i n a l
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d i l u t i o n .  In l i n e  with p o l i c y  at  the Animal Virus Research  
I n s t i t u t e ,  P i r b r i g h t ,  where sera  with antibody  l e v e l s  o f  1/15  
or l e s s  are cons id ered  n e g a t i v e ,  r e a c t io n s  o f  a 1/20 d i l u t i o n  
were scored as p o s i t i v e .  Figures  for group ant ibody l e v e l s  
were obtained by c a l c u l a t i n g  group geometric  means, thus  
animals  wi th  sera  r e a c t in g  below 1/20 were g iven  the value o f  
z e r o .  This  o c c a s i o n a l l y  r e s u l t e d  in group means be ing  below  
the lowest  d i l u t i o n  at  which i n d i v i d u a l  animals were t e s t e d .
The cross  r e a c t i v i t y  o f  the se ra  produced was e s t imated  by 
summing the number o f  v i r u s  types n e u t r a l i s e d  by a p a r t i c u l a r  
serum at  l e v e l s  e q u a l l i n g  or exceed ing  1 /2 0 ,  1/30 or 1/40 (F ig  
3d) .  At low serum d i l u t i o n s  ( 1 /2 0 )  most sera  n e u t r a l i s e d  a 
number o f  v iru s  types to which these  p r i n c i p a l  animals had not  
been exposed.  This  e f f e c t  was not d e t e c t a b l e  before  the  
i n o c u la t i o n  o f  BTV and was not th e r e f o r e  due to n o n - s p e c i f i c  
a c t i v i t y  in the s e r a .  At these  low sera  d i l u t i o n s ,  a g r e a te r  
number o f  v iru s  types were n e u t r a l i s e d  than at  higher  
d i l u t i o n s  and the e x te n t  o f  t h i s  cross  r e a c t i v i t y  increased  
with time up u n t i l  day 24. The c o n t r o l  animals which had 
rece ived  type 3 only  were t e s t e d  at  a s i n g l e  d i l u t i o n  o f  1 /20;  
the response remained homologous except for a short  period  
around day 24 p i .  Thus when c o n s id e r in g  a serum p o s i t i v e  for  
the presence o f  a n t ib o d ie s  to  a p a r t i c u l a r  BTV type at  a t i t r e  
o f  1 /20 ,  n e u t r a l i s i n g  a n t ib o d ie s  to far more BTV types were 
recorded in that  serum than at  a t i t r e  o f  1 /40 .  This  could  
g i v e  r i s e  to  erroneous i n t e r p r e t a t i o n s  when scre e n in g  sera  at  
a s i n g l e  d i l u t i o n  for the presence  o f  n e u t r a l i s i n g  a n t ib o d ie s  
to  BTV.
59
etO
UJa>
UJ
r>
oz
Ot-
UJ
O
-J
as
LL
O
a.
UJ
03
2
Z3
Z
20 22
DAYS P O S T - I N O C U L A T I O N  W I T H  B T V  3
Fig .  3d: Number o f  BTV types ag a in s t  which n e u t r a l i s i n g  
a n t ib o d ie s  were evoked fo l lo w in g  i n o c u la t i o n  o f  BTV type 3 
in to  sheep p r e v io u s l y  immunised with BTV type 4.
y  - y Number o f  types represented  at a t i t r e  o f  >1/20
* - * Number o f  types represented  at  a t i t r e  o f  >1/30
vl Number o f  types represented  at  a t i t r e  o f  >1/40
q  Q  Number o f  t y p es  r e p r e s e n t e d  a t  a t i t r e  o f  >1/20
in  c o n t r o l  an im als  r e c e i v i n g  on ly  BTV3
P o i n t s  were d e r i v e d  by c a l c u l a t i n g  the a r i t h m e t i c  mean o f  the  
r e s u l t s  from e i g h t  a n im a l s .
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Levels  o f  n e u t r a l i s i n g  a n t ib o d ie s  to each o f  the 20 BTV 
types in the 77 day period fo l lo w in g  the c h a l l e n g e  with BTV3 
i n to  sheep p r e v io u s ly  i n f e c t e d  with BTV4, can be seen in 
Fig 3e .  Before the c h a l l e n g e  with BTV3, only  a n t ib o d ie s  to  
BTV4 were d e t e c t e d  but seven days a f t e r  t h i s  BTV3 c h a l l e n g e ,  
group l e v e l s  o f  1/15 or higher  were recorded to BTV2, 8 and 20 
as w e l l  as types 4 and 3.  The h e tero logous  character  o f  the  
response  increased  further  but was t r a n s i e n t  and, by day 77,  
t i t r e s  o f  1/15 or higher  were recorded only a g a in s t  BTV3, 4 ,
17 and 20. In terms o f  the next  c h a l l e n g e  i t  i s  p e r t i n e n t  to  
note  that  a n t ib o d ie s  to BTV6 were d e t e c t a b l e  between the 9th  
and 74th days a f t e r  t h i s  second v irus  i n f e c t i o n ,  a l though  
sheep had not as ye t  been exposed to t h i s  v i ru s  type.
In the four c o n t r o l  animals r e c e i v i n g  BTV3 on ly  the  
response was predominantly homotypic (F ig  3 e ) ,  al though  
a n t ib o d ie s  at  low l e v e l s ,  i e .  group means o f  1 /15 ,  were 
recorded ag a in s t  BTV6 and 17 on day 19, and ag a in s t  BTV4,6 and 
20 on day 25. Only a n t ib o d ie s  to  BTV3 were recorded at  l e v e l s  
above 1 /15 .
3) R echa l lenge  w i th  BTV6 (day 176 pi  o f  BTV4)
a) C l i n i c a l  r e s p o n s e : -  Although c o n t r o l s  demonstrated the 
t y p i c a l  temperature and viraemia responses to a s i n g l e  BTV 
s e r o t y p e ,  the e ig h t  p r i n c ip a l  sheep developed n e i t h e r  a 
pyrexia  nor viraemia a f t e r  t h i s  i n o c u la t i o n  (Table 3b) .
b) Antibody r e s p o n s e : -  In  the  c o n t r o l  group  s p e c i f i c  
n e u t r a l i s i n g  a n t i b o d i e s  were f i r s t  r ec o rde d  around day 10 p i ,
61
'  HAJ
V)0
MOO
OAY 7
MO
OAY 12
r100
OAY 19
2 * 0
OAY 2<
OAY 77
Q T V  T Y P E S
Fig .  3e: Level o f  n e u t r a l i s i n g  a n t ib o d ie s  to  BTV types at  
var io us  times a f t e r  c h a l l e n g e  with BTV type 3 in a group o f  
e i g h t  sheep p r e v io u s ly  exposed to BTV type 4.
A l l  t i t r e s  c a l c u l a t e d  from geometric  mean o f  r e c i p r o c a l  
l °g lO VN5 o va lues  and expressed  as n e u t r a l i s i n g  antibody  t i t r e ,  
Sera with t i t r e s  >1/15 scored as zero .  Antibody l e v e l s  in the  
c o n tro l  animals r e c e i v in g  BTV3 only  are shown in h a tc h in g .
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Table 3c: Development o f  n e u t r a l i s i n g  a n t ib o d ie s  to  BTV6 a f t e r  
i n o c u l a t i o n  o f  BTV6 i n t o  sheep p r e v io u s l y  in oc u la te d  wi th  BTV 
types 4 and 3
Days post  i n o c u la t i o n  
0 4 6 8 10 12
P r i n c i p a l  sheep3 -  -  1 . 2 5 b 1 .2 3  1 .68  2 .00
Control  sheep0 -  -  -  . -  1 .30  2 .1 3
Si *P r e v io u s l y  exposed to  BTV4 and 3
N e u t r a l i s i n g  antibody  t i t r e  expressed  as geometr ic  mean o f  
r e c i p r o c a l  ^°8^qVN^q
c .P r e v io u s l y  unexposed to BTV 
-  N e u t r a l i s i n g  ant ibody t i t r e  <1/15
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and developed in a manner s i m i l a r  to a l l  o ther  primary 
i n o c u l a t i o n s  (Table 3 c ) .  However in seven o f  the e ig h t  
p r i n c i p a l s ,  l e v e l s  above 1/20 a g a in s t  BTV6, were d e t e c t a b l e  by 
as e a r ly  as day 6 f o l l o w i n g  exposure to BTV6; by day 12,  
l e v e l s  were s i m i l a r  in both groups .
The e x te n t  o f  the h e t e r o t y p i c  ant ibody response  f o l lo w in g  
the s e q u e n t i a l  exposure o f  BTV4 immune sheep to BTV3 and 6 
can be seen in Figs  3d, 3e and 3 f .  The l e v e l s  o f  t y p e - s p e c i f i c  
n e u t r a l i s i n g  antibody  during the 42 days f o l lo w in g  i n o c u la t i o n  
o f  BTV6 can be seen in Fig 3 f .  Again, the response was broadly  
h e t e r o t y p i c  but at  a s l i g h t l y  higher l e v e l  and with more types  
being  d e t e c t e d .  A smal l  h e t e r o t y p i c  response a l s o  occurred in 
the BTV6 c o n t r o l  group, with n e u t r a l i s i n g  a n t ib o d ie s  to  BTV3, 
6, 11 and 14 be ing  d e t e c t e d  but BTV6 apar t ,  a t  l e v e l s  o f  l e s s  
than 1/10 and thus are not con s id ered  as s i g n i f i c a n t .
Sera from a l l  th e se  experiments  were a l s o  examined for the 
presence o f  n e u t r a l i s i n g  a n t ib o d ie s  to e p i z o o t i c  haemorrhagic  
d i s e a s e  o f  deer v iru s  (New Je r se y  s t r a i n ;  EHDV1) and Ibaraki  
v i r u s ,  with n e g a t iv e  r e s u l t s .
I t  i s  p o s s i b l e  that  the p r o t e c t i v e  response seen in the above 
s e r i e s  o f  i n o c u l a t i o n s  may be due to  e i t h e r  the i n o c u la t i o n  o f  
BTV4 fo l lowed  by BTV6 or BTV3 fo l lowed by BTV6 and the 
experiment below examines the a b i l i t y  o f  the i n o c u la t i o n  o f  
e i t h e r  BTV4 or BTV3 to  p r o t e c t  a g a in s t  c h a l l e n g e  with BTV6.
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Fig .  3 f : Level  o f  n e u t r a l i s i n g  a n t ib o d ie s  to  BTV types at  
var ious  times a f t e r  i n o c u la t i o n  o f  BTV type 6 in a group o f  
e i g h t  sheep pr e v io u s ly  in o c u la te d  with BTV type 4 and 
c h a l l e n g e  with BTV type 3.
A l l  t i t r e s  c a l c u l a t e d  from geometric  mean o f  r e c i p r o c a l  
log^VN^Q values  and expressed as n e u t r a l i s i n g  antibody t i t r e .  
Sera with t i t r e s  >1/15 scored  as zero .  Antibody l e v e l s  in the  
c o n t r o l  animals r e c e i v in g  BTV6 only are shown in hatching
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c) I n o c u la t io n  o f  sheep wi th  BTV3 or BTV4 fol lowed by 
c h a l l e n g e  wi th  BTV6.
1) Primary i n o c u l a t i o n  o f  BTV3 or BTV4
a) C l i n i c a l  r e s p o n s e : -  The p a t te r n s  o f  temperature response  
and blood v irus  l e v e l s  fo l l o w in g  the i n o c u la t i o n  o f  BTV3 or 
BTV4 i n t o  sheep were s i m i l a r  to  those  d escr ibed  above for BTV5 
Table 3b) .
b) Antibody r e s p o n s e : -  Both groups produced type ant ibody  
to  the inocu la ted  v i r u s ,  in 7 out  o f  the 8 animals by day 10
pi  and by day 11 in the remaining animal .
2) Challenge  wi th  BTV6 ( f o r  BTV4 immune animals ,  day 44 p i ;  
for BTV3 immune animals ,  day 38 p i . )
a) C l i n i c a l  r e s p o n s e : -  The pat tern  o f  the temperature and 
viraemia response to the in o c u la t i o n  o f  BTV6 can be seen for  
both groups in F ig .  3g. No r e a l  d i f f e r e n c e  was d e t ec te d  
between animals r e c e i v i n g  e i t h e r  BTV3 or BTV4 pr ior  to the 
c h a l l e n g e  with BTV6.
b) Antibody r e s p o n s e : -  The development o f  n e u t r a l i s i n g  
ant ibody  to  BTV6 can be seen in F ig .  3g.
The pa t te r ns  o f  both reponses were s i m i l a r  to those in the 
c o n t r o l  animals in the prev ious  experiment which had not been
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Fig .  3g: Temperature, viraemia and n e u t r a l i s i n g  ant ibody  
responses  in groups o f  sheep in o c u la t e d  with BTV type 3 or 4 
and cha l lenged  with BTV type 6.
• 0  R ec ta l  temperature C
.jyL Viraemia T C I I ^ / m l .
.jyL N e u t r a l i s i n g  a n t ib o d ie s  to BTV6 (BTV 4 immune)
0 . . . . . . . ..........0  N e u t r a l i s i n g  a n t ib o d ie s  to  BTV6 (BTV 3 immune)
Temperature and viraemia r e s u l t s  c a l c u l a t e d  as a r i t h m e t i c  mean 
o f  four animals per group. Antibody t i t r e  c a l c u l a t e d  as 
geom etr ic  mean o f  r e c i p r o c a l  1°8^qVN,.q
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exposed to BTV pr ior  to the i n o c u la t io n  o f  BTV6. Thus the 
s i n g l e  i n o c u la t i o n  o f  e i t h e r  BTV3 or BTV4 did not p r o t e c t  
these  animals from c h a l l e n g e  with BTV6.
Having examined the a b i l i t y  o f  BTV4, 3 and 6 to  evoke a 
h e t e r o t y p i c  response  i t  was f e l t  ne c e ssar y  to  examine other  
BTV t y p e s ,  to  s e e  i f  they too gave r i s e  to  s i m i l a r  r e sp o n s e s .
d) I n o c u l a t i o n  o f  sheep w i th  BTV2 fo l lowed by s e q u e n t i a l  
c h a l l e n g e  w i th  types  _5 and 6.
1) Primary i n o c u l a t i o n  o f  BTV2
a) C l i n i c a l  r e s p o n s e : -  The temperature and viraemia  
response f o l lo w in g  the i n o c u la t i o n  o f  BTV2 in e ig h t  animals  
was s i m i l a r  to other  i n o c u l a t i o n  o f  a BTV type in to  f u l l y  
s u s c e p t i b l e  animals ( F ig .  3b) .
b) Antibody r e s p o n s e : -  P r e c i p i t a t i n g  a n t ib o d ie s  were f i r s t  
recorded by day 11 pi  in s i x  o f  the e ig h t  animals and by day 
12 in the remaining two. These were maintained throughout the 
remainder o f  the exper iment.  The development o f  n e u t r a l i s i n g  
antibody to BTV2 can be seen in Fig.  3h. Antibodies  were f i r s t  
d e t e c t e d  on day 10 and rap id ly  rose  to reach a mean group 
l e v e l  o f  around 1 /1 6 0 .  This t i t r e  was maintained u n t i l  the  
i n o c u la t i o n  o f  BTV5. Examination for the presence o f  
a n t ib o d ie s  to the other  21 BTV types in these  animals gave
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F ig .  3h: Development o f  n e u t r a l i s i n g  a n t ib o d ie s  to  BTV types  
2, 5 and 6 f o l lo w in g  the s e r i a l  i n o c u l a t i o n  o f  these  BTV 
t y p e s .
0 -  — — — — - 0  N e u t r a l i s i n g  a n t ib o d ie s  to  BTV2
.jyc. N e u t r a l i s i n g  an t ib o d ie s  to BTV5
iyL -  N e u t r a l i s i n g  a n t ib o d ie s  to  BTV6
Time expressed  as days a f t e r  i n o c u la t i o n  o f  BTV2; BTV5 
in o c u la t e d  day 112; BTV6 in o c u la te d  day 224. Antibody t i t r e  
c a l c u l a t e d  as geometric  mean from e ig h t  sheep o f  r e c i p r o c a l
1o8 10VN50
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n e g a t i v e  r e s u l t s .
2) Ch all enge  w i th  BTV5 (day 112 p i )
a) C l i n i c a l  r e s p o n s e : -  The pat tern  o f  temperature response  
and viraemia obta ined was s i m i l a r  to that  above f o l lo w in g  the  
i n o c u l a t i o n  o f  BTV5 ( F i g .  3b) .
b) Antibody r e s p o n s e : -  As was descr ibed  p r e v io u s ly  
f o l l o w in g  the i n o c u l a t i o n  o f  a second BTV type i n to  sheep,  a 
broad h e t e r o t y p i c  reponse was observed ( F ig .  3 i  and j )  which 
was comparable with that  observed fo l lo w in g  the s e q u e n t ia l  
i n o c u la t i o n  o f  BTV4 fol lowed by BTV3. I t  i s  again p e r t i n e n t  to  
note that  t h i s  response  inc luded  a n t ib o d ie s  to the next  
c h a l l e n g e  v irus  BTV6 ( F i g .  3 h ) .
3) Rechal lenge  w i th  BTV6 (day 224 pi  BTV2)
a) C l i n i c a l  r e s p o n s e : -  Control s  developed the t y p i c a l  
response to a s i n g l e  BTV type (Table 3b) .  However the e ig h t  
p r i n c i p a l s  developed n e i t h e r  a pyrexia or viraemia .
b) Antibody r e s p o n s e : -  As was observed p r e v io u s ly  (Table  
3c) the pat tern  o f  development o f  a n t ib o d ie s  to BTV6 in the  
p r i n c ip a l  sheep was d i s s i m i l a r  to that  in the c o n t r o l  animals
(Table 3d) .  In t h i s  experiment BTV6 n e u t r a l i s i n g  ant ibody was 
d e t e c t a b l e  as e a r ly  as day 4 pos t  ch a l l e n g e  with BTV6 in the  
p r i n c ip a l  sheep,  w h i l s t  in the c o n t r o l  animals n e u t r a l i s i n g  
ant ibody was f i r s t  d e t e c t a b l e  on day 10. However l e v e l s  in the
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Fig .  3 i :  Number of  BTV types aga ins t  which n e u t r a l i s i n g  
a n t ib o d ie s  were evoked f o l low in g  i n o c u la t io n  o f  BTV type 3 
in to  sheep pr e v io u s ly  immunised with  BTV type 4.
¥  ----- ----- ¥ Number o f types represented at a t i t r e of >1/20
•  —.. . -----  » N u mb e r of types represented at a t i t r e o f >1/30
* ----------- Number of types represented at a t i t r e o f >1/40
o— o Number o f  in contro l types represented at a t i t r e  animals r e c e i v in g  only BTV3 o f >1/20
P o in t s  were der ived by c a l c u l a t i n g  the ar i thm et ic  mean o f  the  
r e s u l t s  from e ig h t  animals .
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Fig .  3j : Level  o f  n e u t r a l i s i n g  an t ib o d ie s  to BTV at var io us  
t imes a f t e r  c h a l l e n g e  with BTV type 5 in a group o f  e i g h t  
sheep p r e v io u s ly  exposed to BTV type 2.
A l l  t i t r e s  c a l c u l a t e d  from geometr ic  mean o f  r e c i p r o c a l  
logjgVN,_Q va lues  and expressed  as n e u t r a l i s i n g  antibody t i t r e .  
Sera with t i t r e s  >1/15 scored as zero .  Antibody l e v e l s  in the  
c o n t r o l  animals r e c e i v i n g  BTV3 only  are shown in hatchin g .
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Table 3d: Development o f  n e u t r a l i s i n g  a n t ib o d ie s  to  BTV6 a f t e r  
i n o c u l a t i o n  o f  BTV6 i n t o  sheep p r e v io u s l y  in oc u la te d  wi th  BTV 
types 2 and 5
Days post  i n o c u la t i o n  
0 4 6 8 10 12 16 20
P r i n c i p a l  sheep3 -  0 . 8 b 0 . 6  0 . 8  1.2  1 .3  1 .4  1.5
Control  sheepc -  -  -  1.1 1 .9  2 .4  2.1
a P r e v io u s l y  exposed to BTV2 and 5
b
N e u t r a l i s i n g  ant ibody t i t r e  expressed  as geometric  mean o f  
r e c i p r o c a l  1o8 10vn5q
c P r e v io u s l y  unexposed to BTV 
-  N e u t r a l i s i n g  antibody  t i t r e  <1/15
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c o n t r o l  animals rose r a p id ly  to reach above 1/120 by day 20,  
w h i l s t  in the p r i n c i p a l  sheep l e v e l s  remained low and did not  
r i s e  above 1 /40 .
Once again a h e t e r o t y p i c  antibody  response occurred  
fo l l o w in g  t h i s  th ird  BTV i n o c u l a t i o n  ( F ig .  3k) .  However the  
o v e r a l l  response was not as great  as with the prev ious  t r i p l e  
i n o c u l a t i o n s  (BTV4, 3 and 6 ) .
Having observed these  responses  in sheep i t  was f e l t  r e l e v a n t  
to  examine c a t t l e  for the a b i l i t y  to  respond s i m i l a r l y .
Seq u e n t ia l  i n o c u l a t i o n s ; c a t t l e .
e)  I n o c u l a t i o n  o f  c a t t l e  w i th  BTV4 fo l lowed by s e q u e n t i a l  
c h a l l e n g e  wi th  types 3^ and 6.
1) Primary i n o c u l a t i o n  o f  BTV4
a) C l i n i c a l  r e s p o n s e : -  The outcome o f  the in o c u la t i o n  o f  
BTV4 i n t o  c a t t l e  was d i s s i m i l a r  to that  in sheep (Table 3b) .
No pyrexia  could be d e t e c t e d  and the onset  o f  viraemia was not  
u n t i l  day 5 p i .  Further the viraemia was longer l a s t i n g  and in 
three  o f  the four animals was s t i l l  present  by day 45 p i .
b) Antibody r e s p o n s e : -  Two o f  the four animals produced BTV 
group r e a c t i v e  p r e c i p i t a t i n g  a n t ib o d ie s  by day 15 p i  and the  
remaining two by day 17. These a n t ib o d ie s  were maintained
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Fig .  3k: Level  o f  n e u t r a l i s i n g  a n t ib o d ie s  to  BTV at  v a r io u s  
t imes a f t e r  i n o c u la t i o n  o f  BTV types 6 i n to  a group o f  e i g h t  
sheep in oc u la te d  with BTV type 2 and chal lenged  with BTV type  
5.
A l l  t i t r e s  c a l c u l a t e d  from geometr ic  mean o f  r e c i p r o c a l  
logloVNso va lue s  and expressed  as n e u t r a l i s i n g  ant ibody t i t r e .  
Sera with t i t r e s  >1/15 scored as zero .  Antibody l e v e l s  in  the  
c o n t r o l  animals r e c e i v i n g  BTV6 on ly  are shown in h a tch in g .
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throughout the remainder o f  the experiment.  The development o f  
n e u t r a l i s i n g  a n t ib o d ie s  to BTV4 can be seen in Fig .  31.  
Examination for the presence  o f  a n t ib o d ie s  to the other 21 BTV 
types in these  animals gave n e g a t iv e  r e s u l t s .
2) Chall enge  w i th  BTV3 ( day 120 p i )
a) C l i n i c a l  r e s p o n s e : -  The viraemia obta ined was s i m i l a r  to  
that  f o l low in g  the BTV4 i n o c u l a t i o n  and no d i s t i n c t i o n  could  
be made between t h i s  v iraemia and that obtained in two BTV3 
in o c u la te d  c o n tro l  animals (Table 3b) .
b) Antibody r e s p o n s e : -  The two c o n tro l  animals  showed a 
n e u t r a l i s i n g  ant ibody  response to only type 3. The p r i n c i p a l s  
a l s o  developed a type 3 n e u t r a l i s i n g  ant ibody response  
togethe r  with an in c r e a s e  in the p r e v io u s l y  e s t a b l i s h e d  type 4 
n e u t r a l i s i n g  ant ibody l e v e l .  As with the sheep,  f o l l o w in g  the 
i n o c u la t i o n  o f  two BTV t y p e s ,  a n t ib o d ie s  to  the ch a l l e n g e  
type ,  BTV6 were d e t e c t a b l e  for a period ( F ig .  31 ) ,  but were 
t r a n s i e n t .
3) Recha1lenge w i th  BTV6 (day 286 pi  o f  BTV4)
a)  C l i n i c a l  r e s p o n s e : -  Although the two i n o c u la t i o n  
c o n t r o l s  demonstrated the t y p i c a l  viraemia fo l lo w in g  the 
i n o c u la t i o n  of  a s i n g l e  BTV type (Table 3 c ) ,  three o f  the four  
p r i n c i p a l  c a t t l e  did not deve lop a v iraem ia .  The fourth  animal
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F ig .  31: Development o f  n e u t r a l i s i n g  a n t ib o d ie s  to  BTV types
4 ,  3 and 6 fo l lo w in g  the s e r i a l  i n o c u l a t i o n  o f  t hese  BTV types  
in c a t t l e .
— — — — .jjL N e u t r a l i s i n g  a n t ib o d ie s  to  BTV4
—#  N e u t r a l i s i n g  a n t ib o d ie s  to BTV3
o-------   o N e u t r a l i s i n g  a n t ib o d ie s  to BTV6
Time expressed as days a f t e r  i n o c u l a t i o n  o f  BTV4; BTV3 
in o c u la t e d  day 120; BTV6 in o c u la t e d  day 286. Antibody t i t r e  
c a l c u l a t e d  as geometric  mean from four c a t t l e  o f  r e c i p r o c a l
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(animal  C) did deve lop  a v iraemia al though i t  was at  a lower 
l e v e l  than in the c o n t r o l  animals (Table 3 e ) .
b)  Antibody r e s p o n s e : -  The development o f  a n t ib o d ie s  to  
BTV6 in both groups was s i m i l a r  and mean l e v e l s  reached in the  
p r i n c i p a l  animals were comparable with those to BTV4 and BTV3 
( F i g .  31 ) .
The l e v e l s  o f  n e u t r a l i s i n g  antibody  to  types 4, 3 and 6 in  
in d i v id u a l  animals can be seen in Table 3 f .  No r e a l  d i f f e r e n c e  
was observed in animal C when compared to the other three  
animals ,  u n t i l  day 34 p i  with BTV6. This would i n d i c a t e  that  
l e v e l s  o f  n e u t r a l i s i n g  ant ibody to  BTV6 did not c o r r e l a t e  wi th  
the a b i l i t y  to  wi thstand a c h a l l e n g e  by t h i s  v i r u s ,  a lthough  
the three to four fo ld  i n c re a s e  in BTV6 n e u t r a l i s i n g  antibody  
f o l l o w in g  t h i s  v iru s  c h a l l e n g e  i n d ica te d  the presence o f  the  
viraemia .
Sera c o l l e c t e d  during t h i s  s e r i e s  o f  i n o c u la t i o n s  were 
examined for n e u t r a l i s i n g  a n t ib o d ie s  to a l l  des ig nated  types  
o f  BTV. The e x te n t  o f  the h e t e r o t y p ic  response f o l lo w in g  these  
s e q u e n t ia l  i n o c u la t i o n s  can be seen in F ig .  3m and was s i m i l a r  
to  those observed in sheep f o l low in g  the same v irus  
i n o c u l a t i o n s .
Having e s t a b l i s h e d  that  the s e r i a l  in o c u la t i o n  o f  var ious  BTV 
types in both c a t t l e  and sheep g i v e s  r i s e  to h e t e r o t y p ic  
a n t ib o d ie s  and p r o t e c t io n  i t  i s  a l s o  necessary  to  see  i f  a 
s i m i l a r  response would occur a f t e r  the s imultaneous  
i n o c u la t i o n  o f  three  BTV ty p e s .  This l a t t e r  procedure i s
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Table 3 e : Leve ls  o f  viraemia  f o l lo w in g  the in o c u la t i o n  o f  BTV 
type 6 i n to  animals p r e v io u s l y  exposed to BTV types 3 and 4.
Days post . a animal
i n o c u la t io n
A B C D E F
3 -  _ _
4 - - 1. 6b -
5 - - 2 .2 2.8
6 - 0 .6 2 .2 2 .4
7 - 2 .2 3 .8 3 .2
8 - 2 .4 4 .2 4 . 0
10 - 2 .8 3 .6 3 .6
12 - 2 .2 1.6 2 .4
16 - 1.6 0 . 4 0 . 4
20 - 0 .6 0 . 4 0 . 4
24 - 0 . 4 0 . 4 -
30 - - - -
Animals A,B,C and D c a t t l e p r e v io u s l y exposed to BTV 4 and 3
Animals E and F c a t t l e  not p r e v io u s l y exposed to BTV
cl ♦
Animals inocu la ted  in traderm al ly  with 10 TCID^q BTV6
b
Viraemia expressed  as TCID50/ ml o f  washed blood.
-  Samples n e g a t iv e  for the presence  o f  BTV fo l lo w in g  
examination of  blood in both r o l l e r  tubes and embryonated 
e g g s .
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Table  3 f : The deve lopment  o f  n e u t r a l i s i n g  a n t i b o d i e s  to  BTV
types A, 3 and 6 f o l l o w i n g  a) the s e r i a l  i n o c u l a t i o n  BTV A and 
3 : -
Ant ibody
Ab BType
Day 0a
D
BTVA
BTV3
BTV6
1/160 1/2A0
Day 7
1/80 1/320
BTVA 1/120 1/320 1/120 1/2A0
BTV3 1/20 - - 1/A0
BTV6 — —
Day 1A
— -
BTVA 1/160 1/2A0 1/320 1/80
BTV3 1/160 1/80 1/120 1/120
BTV6 1/60 1/60
Day21
1/A0 1/A0
BTVA 1/320 1/320 1/320 1/160
BTV3 1/2A0 1/320 1/120 1/320
BTV6 1/80 1/80
Day A9
1/60 1/60
BTVA 1/120 1/120 1/320 1/2A0
BTV3
T J ' T I I f c
1/320
i  / c.r\
1/120  
1 / o n
1/320
i  / o r i
1/320
1 1 !.f\
80
Ta b le  3f  ( c o n t d . ) : -
b) the s e r i a l  i n o c u la t i o n o f  BTVA, 3 and 6.
DayO
BTVA 1/112 1/112 1/112 1/80
BTV3 1/112 1/80 1/80 1/80
BTV6 - - - 1/20
Day 1A
BTVA 1/320 1/160 1/160 1/160
BTV3 1/80 1/112 1/112 1/A0
BTV6 1/120 1/320 1/AA0 1/112
Day 3A
BTVA 1/112 1/112 1/112 1/160
BTV3 1/80 1/112 1/80 1/80
BTV6 1/80 1/320 1/1280 1/160
N e u t r a l i s i n g  ant ibody t i t r e  expressed  as r e c i p r o c a l  l°8^o^N50 
Days post  i n o c u l a t i o n  with the appropr iate  BTV's types  
b Serum c o l l e c t e d  from animals  A, B, C and D f o l l o w i n g  s e r i a l  
i n o c u l a t i o n  with  two or three BTV typ e s .
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F ig .  3m: Level  o f  n e u t r a l i s i n g  a n t ib o d ie s  to BTV at  var iou s  
t imes a f t e r  c h a l l e n g e  with BTV type 3 in a group o f  four  
c a t t l e  p r e v io u s l y  exposed to BTV type 4.
A l l  t i t r e s  c a l c u l a t e d  from geometr ic  mean o f  r e c i p r o c a l  
l°gloV^5o v a u^es  an£* expressed  as n e u t r a l i s i n g  antibody  t i t r e .  
Sera with t i t r e s  >1/15 scored  as zero .  Antibody l e v e l s  in the  
c o n t r o l  animals  r e c e i v i n g  BTV3 on ly  are shown in h a tc h in g .
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s i m i l a r  to that  used in v a c c i n a t i o n  schedu les  in BTV endemic 
ar e as .
Simultaneous i n o c u l a t i o n s  ; sheep
f )  I n o c u l a t i o n  o f  sheep s im u l ta n e o u s ly  w i th  BTV3, 4 and 6.
a) C l i n i c a l  r e s p o n s e : -  These animals deve loped a pyrexia  
and viraemia which was s i m i l a r  to that  obtained p r e v io u s l y  
fo l l o w in g  the i n o c u l a t i o n  o f  a s i n g l e  BTV type i n to  
s u s c e p t i b l e  animals (Table 3b) .
To determine which o f  the in oc u la te d  v iru s  types might be 
p r e s e n t ,  v iru s  n e u t r a l i s a t i o n  t e s t s  were c arr ied  out on v i r u s  
samples c o l l e c t e d  on day 7 p i .  A number o f  pools  o f  BTV type  
s p e c i f i c  a n t i s e r a  (Table 3g) were used to e s t a b l i s h  i f  one or 
s e v e r a l  v iru s  types were p r e s e n t .  To enable  comparisons  
between these  pooled sera  to be made and thus make i t  p o s s i b l e  
to  deduce which o f  the three v i r u s e s  in oc u la te d  might be 
present  in the blood o f  these  animals at  day 7, box 
n e u t r a l i s a t i o n  t e s t s  were c a r r i e d  out for each serum poo l .  
Virus n e u t r a l i s a t i o n  r e g r e s s i o n  l i n e s  were c a l c u l a t e d  for each  
serum pool  a g a in s t  the day 7 v i r u s  i s o l a t e  that  were de f in e d  
by the va lues  A and B in the equat ion ;  y= A + Bx, where the  
i n t e r c e p t  A r e p r e s e n t s  the l°g^Q d ecrease  in v i r u s  t i t r e  
produced by u n d i lu ted  serum, and B i s  the n e u t r a l i s a t i o n
s lo p e :  (Westaway, 1965) .  'Area f u n c t i o n s ' ,  were c a l c u l a t e d  
from the r e g r e s s io n  l i n e  a n a l y s i s ,  where area = - 1 / 2  A / B
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Table 3g: N e u t r a l i s i n g  a c t i v i t y ,  expressed  as an area func t ion  o f  
var ious  a n t i s e r a  a g a i n s t  v i r u s ( s )  i s o l a t e d  on day 7 post  i n o c u l a t i o n  
o f  four animals with BTV types 4, 3 and 6 s im u l ta n e o u s ly .
Animal Number
39 40 41 42
A n t i sera aarea bnorm area norm area norm area norm
va lue va lue value va lue
BTV3,4 & 6 17 100% 10 100% 9 .2 100% 10.5 100%
BTV3 & 4 16 94% 9.6 96% 8 .5 92% 10.85 104%
BTV3 & 6 10 .2 60% 7.7 77% 5 .4 59% 8 .7 83%
BTV4 & 6 15.3 90% 2.7 27% 6 .4 70% 6 .9 66%
BTV3 11 .9 70% 8 .5 85% 5 .0 54% 10.1 97%
BTV6 1 .4 8.2% - v e 0% 0 . 8 9% 2 19%
Area funct ion  der iv ed  from the r e g r e s s i o n  l i n e  equat ion  y=A+bx and 
a r e a= - l /2A  /B.  A r e p r e s e n t s  the i°g^Q decrease  in v i r u s  t i t r e  produced 
by u nd i lu ted  serum and B i s  the n e u t r a l i s a t i o n  s lop e  (Westaway 1 9 65 ) .  
k The normalised value has been obtained by a s s ig n i n g  a va lu e  o f  100 
to  the area funct ion  o f  the a n t i s e r a  pool  a g a in s t  a l l  three i n o c u l a t e d  
v i r u s e s  and a d j u s t i n g  the fu n c t io n s  in the other  sera  by p r o p o r t io n .  
The c o e f f i c i e n t  o f  c o r r e l a t i o n  o f  the l in e a r  r e g r e s s io n  curve ( i e  from 
which B i s  ob ta in ed)  was always >0 .9
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(Westaway, 1965) .  In order to a l lo w  d i r e c t  comparisons between  
d i f f e r e n t  a n t i s e r u m /v ir u s  m ix tur e s ,  the areas under the curves  
were normalised with  r e sp e c t  to the pooled a n t i s e r a  to a l l  the  
BTV types i n o c u la t e d .
From the r e s u l t s  i t  can be seen that  l i t t l e  d i f f e r e n c e  was 
obta ined when us ing  a pool  c o n t a in i n g  a n t i s e r a  to BTV types 3,  
4 and 6 and a pool  c o n t a in i n g  only  a n t i s e r a  to types 3 and 4.  
Further ,  a n t i s e r a  to BTV6 a lone  caused l i t t l e  or no 
n e u t r a l i s a t i o n ,  w h i l s t  a n t i s e r a  to BTV3, or a pool  o f  a n t i s e r a  
to  BTV6 and 4,  or BTV3 and 6 r e s u l t e d  in l e v e l s  o f  over 50% o f  
normali sed  v a l u e s .  This would i n d i c a t e  that  in a l l  four 
animals on day 7, blood conta ined  BTV types 3 and 4 but not 
BTV type 6.
b) Antibody r e s p o n s e : -  A l l  four animals developed BTV group 
s p e c i f i c  p r e c i p i t a t i n g  a n t ib o d ie s  on day 13 and r e ta in e d  t h i s  
response for the r e s t  o f  the exper iment.  The development o f  
n e u t r a l i s i n g - a n t i b o d y  to the three  inoc u la te d  v i ru s  types can 
be seen in Fig .  3n. A n t ibod ies  to  both BTV types 4 and 3 were 
present  in a l l  four animals by day 15 pos t  i n o c u l a t i o n .  Mean 
t i t r e s  to BTV4 and 3 reached l e v e l s  o f  1/100 and were 
mainta ined .  A n t ibodies  to BTV6 could not be d e t e c t e d  in any 
animal fo l l o w in g  these  i n o c u l a t i o n s .  This  would add further  
credence to the c o n c lu s io n  above,  that  BTV6 f a i l e d  to  
r e p l i c a t e  in these  animals .
The sera  from these  animals  were a l s o  examined for  
n e u t r a l i s i n g  a n t ib o d ie s  to the other 19 de s ign a te d  BTV types  
(Table 3o ) .  A n t ibodies  were d e t e c t e d  to BTV types 15 and 17
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Fig .  3n: Development o f  n e u t r a l i s i n g  a n t ib o d ie s  to  BTV types  
3, 4 and 6 f o l l o w i n g  the s im ultaneous  i n o c u l a t i o n  o f  these  
v iru s  types in t o  four sheep
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8.1 V fY PE S
F ig .  3o: Level  o f  n e u t r a l i s i n g  a n t ib o d ie s  to  BTV types at  
var ious  times a f t e r  the s im ultaneous  i n o c u l a t i o n  o f  four sheep 
with  BTV types 3, 4 and 6
A l l  t i t r e s  c a l c u l a t e d  from geometr ic  mean o f  r e c i p r o c a l
^°^10^50  v a u^es anc* expressed  as n e u t r a l i s i n g  ant ibody  
t i t r e s .  Sera with t i t r e s  < 1 /15  scored as zero
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p r ior  to  i n o c u l a t i o n  and f o l lo w in g  i n o c u l a t i o n ,  to  BTV types  
1, 20 and 22. However group mean l e v e l s  were not g r e a te r  than 
1/10 except  to  BTV22. In c o n t r a s t  to  the s e r i a l  i n o c u l a t i o n  o f  
BTV types 4 ,3  and 6,  a broad h e t e r o t y p i c  antibody  response was 
not observed fo l lo w in g  the s imultaneous  i n o c u la t i o n  o f  these  
three  BTV types in to  sheep.
D i s c u s s i o n .
Throughout t h i s  s e r i e s  o f  e xper im en ts ,  the on ly  c l i n i c a l  
m a n i f e s ta t io n  f o l lo w in g  the i n o c u l a t i o n  o f  BTV was a pyrex ic  
response  and v iraem ia .  No exper im enta l  animal deve loped  
c h a r a c t e r i s t i c  b lue tongue  l e s i o n s  (Bowne, 1971) or became 
n o t i c e a b l l y  i l l .  I t  has been c o n s i s t e n t l y  noted that  a v a r i e t y  
o f  apparent ly  v i r u l e n t  f i e l d  i s o l a t e s  f a i l  to  produce 
c h a r a c t e r i s t i c  s ig n s  o f  d i s e a s e  in laboratory  sheep or c a t t l e  
(Luedke and Jochim, 1968) thus ,  the e f f e c t  o f  BTV on 
laboratory  animals had to be measured in terms o f  p yrex ia ,  
viraemia and e v a lu a t i o n  o f  the immune response .
The homologous c h a l l e n g e  o f  sheep p r e v io u s l y  i n f e c t e d  with  
BTV5 did not g iv e  r i s e  to pyrex ia  or a d e t e c t a b l e  v iraem ia .  
Thus i t  appears that prev ious  exposure to BTV5 had p r o tec te d  
these  animals .  The ant ibody  response  fo l lo w in g  homologous  
ch a l l e n g e  remained monotypic and s i m i l a r  p r o t e c t i o n  and 
monotypic ant ibody responses  have been shown in homologous 
v iru s  ch a l l e n g e  with BTV2, 3 and 4 (Jeggo and Gumm, 
unpublished o b s e r v a t i o n s ) .
8 8
On the other  hand, the outcome o f  h e t e r o t y p i c  c h a l l e h g e  was 
d i f f e r e n t .  Using a v a r i e t y  o f  d i f f e r e n t  BTV t y p e s ,  prev io us  
exposure to a s i n g l e  BTV type in both sheep and c a t t l e  f a i l e d  
to  p r o tec t  a g a in s t  h e t e r o t y p i c  c h a l l e n g e  in that  in a l l  these  
cases  pyrexia  and viraemia l e v e l s  were i n d i s t i n g u i s h a b l e  from 
c o n t r o l s .  However a f t e r  the s e r i a l  i n o c u l a t i o n  o f  two BTV 
se ro ty p e s  not only were a n t ib o d ie s  produced to both  types but  
a l s o  appr e c iab le  l e v e l s  o f  a n t ib o d ie s  to  a number o f  other  
types ( F i g s .  3 d , 3 e , 3 j , 3k , 3o and 3 p ) .
In d i r e c t  c o n t r a s t  to  th e se  c l i n i c a l  o b s e r v a t io n s  on the  
in o c u l a t i o n  o f  one or two BT t y p e s ,  no pyrex ia  or v iraemia was 
d e t e c t e d  a f t e r  the s e r i a l  i n o c u l a t i o n  o f  a th ird  BTV type in 
a l l  sheep or three out o f  four c a t t l e  examined.  Fo l lowing  
i n o c u l a t i o n  of  t h i s  th ird  BTV a s i m i l a r  broad h e t e r o t y p i c  
response occurred ( F i g s .  3 f  and 3k) and with  s e q u e n t i a l l y  
in oc u la te d  animals showing a more rapid development o f  
a n t ib o d ie s  to t h i s  third c h a l l e n g e  type than in c o n tro l  
animals (Table 3a and 3b) .  This  a c c e l e r a t e d  immune response  
( R o i t t ,  1980) demonstrates  the l i k e l y  exis tence ; o f  memory 
c e i l s  to t h i s  th ird  BTV type .  These c e l l s  would probably have 
been evoked when a n t ib o d ie s  were s t im u la te d  f o l lo w in g  the 
second BTV a d m in i s t r a t i o n .  I t  i s  o f  i n t e r e s t  however to note  
t h a t ,  the a c c e l e r a t e d  antibody  response  to t h i s  th ird  type,  in 
t h i s  case  BTV6, did not occur with any other  type .  Although 
the reason for t h i s  i s  not c l e a r ,  i t  i s  l i k e l y  that  shared 
a n t ig e n s  among t h i s  p a r t i c u l a r  combination o f  three types led 
to  the e s tab l i sh m e n t  o f  these  memory c e l l s .
This p a r t i c u l a r  fea ture  might mean that  i t  i s  m is lead in g  to
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t ry  to use these  combinat ions o f  s e q u e n t i a l  BTV types as be ing  
t y p i c a l  o f  the response o f  a l l  other  p o s s i b l e  combinat ions .  
However, i t  c l e a r l y  shows that  the s e r i a l  ad m in is t ra t io n  of  
two or three d i f f e r e n t  BTV types g i v e s  r i s e  to  a broad 
antibody response a lthough with the 22 BTV types known at  
p r e s e n t ,  the p o s s i b l e  s e q u e n t i a l  permutat ions are enormous and 
would require  much a d d i t i o n a l  work to q u a n t i fy .
The h e t e r o t y p i c  response  ob ta in ed  in t h i s  s e r i e s  o f  
exper im ents ,  however, means that  cau t ion  must be e x e r c i s e d  in 
the e v a lu a t io n  o f  f i e l d  s e r o l o g i c a l  s u r v e y s .  The p r e s en ce ,  in  
a f i e l d  serum, o f  a n t ib o d ie s  to  more than one s ero type  means 
that  firm c o n c lu s i o n s  cannot be drawn as to which v i r u s  types  
may be presen t  in that  country or area ,  as has been p r e v io u s l y  
attempted (Davies  1978; Hafez and Ozawa, 1981; Hafez e t  a l . ,  
1976) .  Recent work in A u s t r a l i a  has a l lu ded  to the p o s s i b i l i t y  
o f  c r o s s - r e a c t i v e  a n t ib o d ie s  ( D e l l a - P o r t a  e_t a l .  , 1983) and 
the r e s u l t s  above may go some way to e x p l a in i n g  t h e i r  
f i n d i n g s .
The u s e f u l n e s s  o f  t h i s  broad h e t e r o t y p i c  ant ibody  response  
must r e s t  on the ro le  n e u t r a l i s i n g  a n t ib o d ie s  play in  
p r o t e c t io n  and recovery from a BTV c h a l l e n g e .  These  
experiments  in d ic a t e  that  at l e a s t  two s e q u e n t i a l  i n o c u l a t i o n s  
are needed before  p r o t e c t io n  i s  s e en ,  but  whether t h i s  
p r o t e c t i o n  was mediated by n e u t r a l i s i n g  antibody  i s  not so  
e a s i l y  determined.  The r o l e  o f  n e u t r a l i s i n g  ant ibody in other  
i n f e c t i o u s  d i s e a s e s  has been w e l l  documented (Onions,  1983)  
but in v iru s  d i s e a s e s  the p o s i t i o n  i s  not c l e a r  (Rouse and 
Babuik, 1978; Askonas £ t  a_l . , 1981) .  With b lue ton gue ,
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p r o t e c t io n  has been demonstrated in the absence o f  d e t e c t a b l e  
n e u t r a l i s i n g  antibody  but in the presence  o f  a c e l l - m e d ia t e d  
immune response ( S t o t t  £ t  aj.. , 1979) .  So, the p r o t e c t i v e  r o l e  
o f  the a c c e l e r a t e d  humoral response  seen a f t e r  the th ird  v i r u s  
i n o c u l a t i o n  needs fur ther  s tu dy .
N e i t z  (1948)  reported a s e r i e s  o f  c l a s s i c  s t u d i e s  
demonstrating the e x i s t e n c e  o f  a n t i g e n i c  p l u r a l i t y  among 
blue tongue  v i r u s e s  and the m ajor i ty  o f  the v i r u s  s t r a i n s  used  
in h i s  experiments  were l a t e r  a l l o t t e d  to se r o ty p e s  by Howell  
(1 9 6 0 ) .  N e i t z  (1948)  c l e a r l y  showed that  a l l  the v iru s  types  
he used produced a s o l i d  immunity to c h a l l e n g e  with the same 
v iru s  type but ,  when c h a l lenged  with a d i f f e r e n t  v i r u s  type ,  
two d i f f e r e n t  e f f e c t s  could occur .  E i ther  the second v iru s  
e s t a b l i s h e d  a c l i n i c a l  i n f e c t i o n  in the sheep s i m i l a r  to that  
seen in f u l l y  s u s c e p t i b l e  sheep or,  the e x t e n t  o f  the c l i n i c a l  
response to the h e te r o lo g o u s  i n f e c t i o n  was much l e s s  s e v e r e ,  
d e s p i t e  the fac t  that there was no a l t e r a t i o n  to e i t h e r  the 
length  o f  the incubat ion  period or he ight  o f  the ensuing  
pyrex ia  in the p r e v io u s l y  exposed sheep.  These o b s e r v a t io n s  
enabled N e i t z  (1948)  to  formulate a concept o f  "common or 
bas ic"  immunity between s t r a i n s .  This presen t  study was only  
able to confirm that sheep r e s i s t  homologous c h a l l e n g e  but not  
to confirm the o b se r va t ion  o f  "basic"  immunity a f t e r  two v i ru s  
i n o c u l a t i o n s ,  as no d i f f e r e n c e  could be d e t e c t e d  in the 
r e a c t io n  o f  B r i t i s h  sheep a f t e r  only one v iru s  i n o c u l a t i o n .
The reasons for t h i s  d i screpancy  are not e n t i r e l y  c l e a r  
although i t  i s  p o s s i b l e  that  the d i f f e r e n t  breeds o f  sheep  
used may have been important as large  breed d i f f e r e n c e s  have
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been shown to occur f o l lo w in g  the i n o c u l a t i o n  o f  BTV (Gorman 
and T ay lor ,  1982) .  I t  may a l s o  be p o s s i b l e  that  the procedure  
adopted by N e i t z  for v i r u s  i s o l a t i o n  p u r i ty  may not have been  
as r e l i a b l e  as they are today,  or f i n a l l y  i t  i s  p o s s i b l e  that  
the combination o f  v i r u s  types chosen may be r e s p o n s ib l e  for  
the d i f f e r i n g  o b s e r v a t i o n s .
N e i t z  (1948)  a l s o  c a r r i e d  out  experiments  in which BTV3, 4 
and 8 were inoc u la te d  in to  sheep in sequence and in d i f f e r e n t  
combinat ions .  He found no i n c r e a s e  in the "bas ic"  immunity 
a f t e r  the f i r s t  i n o c u l a t i o n  and sheep were j u s t  as s u s c e p t i b l e  
a f t e r  i n f e c t i o n  with two v i r u s  types as with one type.  From 
t h i s  he concluded that  p o l y v a le n t  immunity could only be 
produced by s imul taneous  i n o c u l a t i o n  o f  a number o f  d i f f e r e n t  
s t r a i n s ,  a concept that  has been fundamental to  the use  o f  
l i v e  vacc ines  ever s i n c e .  Again t h i s  study draws a com ple te ly  
d i f f e r e n t  c on c lu s ion  in t h a t ,  w i th in  the l i m i t a t i o n s  o f  the 
t e s t  system, i t  was shown that  pr ior  exposure to two v iru s  
types abrogates  the viraemia and pyrex ia  f o l lo w in g  
a d m in is t ra t io n  o f  a th ird  BTV type .  Again the same reasons  
de sc r ibe d  above could apply for t h i s  d i s c r e p a n c y .
More r e c e n t l y ,  Thomas and Trainer  ( 1 9 7 1 ) ,  D e l l a - P o r t a  ejt 
a l . ,  (1981)  and Gorman et  ^ aK  , (1981)  have reported  a n t ig e n i c  
cr o ss  r e a c t i v i t y  between v i r u s  t y p e s .  Although s t u d i e s  on 
v iru s  p r o te in s  g i v in g  r i s e  to type s p e c i f i c i t y  have been 
r e s t r i c t e d  by problems a s s o c i a t e d  wi th  v i ru s  p u r i f i c a t i o n  
(Huismans and Howell ,  1973) ,  Huismans and Erasmus (1981)  and 
Gumm and Newman (1982)  have shown that  the outer  caps id  
p o lype pt ide  P2 o f  i s  the main type s p e c i f i c  a n t ig e n ,  whereas
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the core p o ly p e p t id e  P7 i s  r e s p o n s i b l e  for group s p e c i f i c t y .  
Although the e xac t  p r o t e i n s  r e s p o n s i b l e  for the p l u r a l i t y  o f  
the n e u t r a l i s i n g  response a f t e r  s e q u e n t i a l  i n o c u l a t i o n s  
remains to be determined ,  the use o f  these  p u r i f i e d  p r o t e in s  
may help to d e f in e  more c l e a r l y  the s e r o l o g i c a l  r e l a t i o n s h i p s  
w ith in  the BTV group.  I t  may be that  s e q u e n t i a l  a d m in is t r a t io n  
o f  type s p e c i f i c  p r o t e i n s  in s te a d  o f  whole v i r u s  would r e s u l t  
in only that  type s p e c i f i c  antibody being produced without  
ex tend ing  the h e t e r o g e n i c i t y  o f  the resp onse .  However the use  
o f  such v i r a l  subu n i t s  as vac c in e s  would only be o f  use in 
areas in which one or two BTV types are to be e x p e c te d ,  as 
broad h e t e r o t y p i c  responses  are h ig h ly  d e s i r a b l e  in areas  
where many BTV types e x i s t .
The s imul taneous  i n o c u l a t i o n  in sheep o f  three  BTV types  
gave r i s e  to a viraemia  and pyrex ia  i n d i s t i n g u i s h a b l e  from 
that  fo l l o w in g  a s i n g l e  v i r u s  i n o c u l a t i o n .  Examination of  the  
viraemia on day 7 post  i n o c u l a t i o n  revea led  only the presence  
o f  two BTV types and in d i r e c t  c o n t r a s t  to  the s e r i a l  
i n o c u la t i o n  o f  BTV t y p e s ,  examination o f  the n e u t r a l i s i n g  
antibody  response showed the development o f  type s p e c i f i c  
a n t ib o d ie s  to only those two v i r u s e s  and did not  show the 
presence  o f  a broad h e t e r o t y p i c  ant ibody resp onse .  The reason  
for t h i s  may r e vo lve  around v a r i a t i o n s  in the r e p l i c a t i o n  
c y c l e s  o f  d i f f e r e n t  BTV types and v a r i a t i o n s  in t h e i r  a b i l i t y  
to  induce other immune mechanisms.  Work wi th  l i v e  p o ly v a le n t  
v ir u s  v a c c in e s ,  p a r t i c u l a r l y  in p o l i o  (Roca-Garcia e t  a l .  
1964) ,  i n f l u e n z a  (Askonas ejt a ^ . , 1981) and foot  and mouth 
d i s e a s e  (Andrew, 1930) have shown that f o l l o w in g  t h i s  type o f
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immunisation p r o to co l  humoral immune responses  occur to  a l l  
in oc u la te d  v i r u s e s ,  a lthough  at  d i f f e r i n g  l e v e l s .  However no 
c l e a r  evidence  e x i s t s  demonstrat ing the r e p l i c a t i o n  o f  a l l  
i n oc u la te d  v i r u s e s  and ev id en ce  o f  i n t e r f e r e n c e  both between  
homotypic and h e t e r o t y p i c  p o l i o  v i r u s e s  has been shown 
(Pohjanpe l to  and Cooper, 1965) .  As w i l l  be descr ibed  l a t e r  in 
t h i s  t h e s i s ,  BTV induces c r o s s - r e a c t i v e  CTL's and both the 
l e v e l  o f  CTL's and susceptibi li ty to  the a c t io n  o f  these  
c e l l s  v a r i e s  with d i f f e r e n t  s e r o t y p e s .  Further BTV induces  
high l e v e l s  o f  i n t e r f e r o n  in  v i t r o  but appears to  be r e s i s t a n t  
to  i t s  a c t i o n s  _in v i t r o  and t h i s  too may vary with in  
s e r o t y p e s .  Hence i t  may be that  BTV3 and 4 induce CTL's and/or  
i n te r f e r o n  to which they are not as s u s c e p t i b l e  as BTV type 6 
U nfor tunate ly  time did not permit the further  c h a l l e n g e  o f  
these  animals al though these  r e s u l t s  and those presented above  
would s t r o n g l y  argue a g a in s t  the presen t  sys tem o f  v a c c in a t i o n  
in c o u n t r ie s  such as South A f r i c a ,  where l i v e  a t tenuated  
p e n tava le n t  va c c in e s  are g iven  three  t imes at  three week 
i n t e r v a l s  (Howell  1979) .  Since  the s e r i a l  i n o c u l a t i o n  o f  only  
two BTV types g i v e s  r i s e  to a broad h e t e r o t y p i c  antibody  
response  and h e t e r o t y p i c  immunity whereas s imul taneous  
i n o c u la t i o n  did n o t ,  the v a c c in a t i o n  procedure could be 
s i m p l i f i e d  in areas in which p r o t e c t io n  from a number o f  BTV 
types i s  required by u s in g  s e q u e n t i a l  i n o c u l a t i o n  o f  only two 
BT types .
However s e v e r a l  key q u e s t io n s  s t i l l  remain.  F i r s t l y ,  to  
what e x ten t  do these  o b s e r v a t io n s  occur throughout the BTV 
se ro ty p e s  and which types might g iv e  the broades t  l e v e l  o f
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h e t e r o t y p ic  immunity? Secondly ,  a lthough  the s imultaneous  
i n o c u la t i o n  o f  three  BTV types  r e s u l t e d  in the r e p l i c a t i o n  o f
only two o f  them with l i t t l e  or no h e t e r o t y p i c  antibody  
product io n ,  would c h a l l e n g e  o f  t hese  animals produce an 
improved h e t e r o t y p i c  response  which was longer l a s t i n g  than 
that  fo l l o w in g  the s i n g l e  s e r i a l  i n o c u l a t i o n  o f  v irus?
T h ir d ly ,  i s  the f a i l u r e  o f  r e p l i c a t i o n  o f  one o f  s e v e r a l  
v i r u s e s  on s imul taneous i n o c u l a t i o n  a phenomenom common to any 
v ir u s  combination or was i t  j u s t  a f ea ture  o f  t h i s  p a r t i c u l a r  
combination^ Obviously further  s t u d i e s  along the l i n e s  adopted 
in these  experiments  should provide  t h i s  information and such  
work meri ts  s e r i o u s  c o n s id e r a t io n  in areas in which broad 
h e t e r o t y p i c  p r o t e c t i o n  i s  required .
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CHAPTER FOUR
CELLULAR IMMUNITY; CYTOTOXIC T LYMPHOCYTE STUDIES 
I n t r o d u c t i o n .
In the previous chapter the humoral response  to  the 
i n o c u l a t i o n  of  BTV in sheep and c a t t l e  was d e s c r i b e d .  I t  has 
r e c e n t l y  been sugges ted  that a c e l l - m e d i a t e d  immune (CMI) 
response i s  involved  in p r o t e c t io n  from BTV r e - i n f e c t i o n  and 
that  sheep produce such a response on a d m in is t ra t io n  o f  an 
i n a c t i v a t e d  BTV vacc ine  p r e p ar a t ion .  ( S t o t t  e^ a_l . , 1979) .  
Hence in t h i s  chapter the a b i l i t y  o f  BTV to evoke a c e l l u l a r  
immune response in mice and sheep i s  examined.
In other v iru s  i n f e c t i o n s  a number o f  T c e l l  s ubse t s  
involved  in the CMI response have been i n v e s t i g a t e d  ( A l l i s o n  
1974, Bloom and Rager-Zisman, 1975) and a t t e n t i o n  has focussed  
on CTL's which have the a b i l i t y  to  d e s tr o y  v i r u s  i n f e c t e d  
c e l l s  e a r ly  in i n f e c t i o n s  and so prevent v i r a l  spread 
( G i l l i l a n d  and F r a n c i s ,  1974; Zinkernage l  and A l thage ,  1977) .  
Although t h i s  k i l l i n g  i s  d e f ined  by g e n e t i c  and v i r a l  
phenotype r e s t r i c t i o n s  rece n t  work has demonstrated that  
w ith in  some v i ru s  groups CTL's cause c r o s s - r e a c t i v e  l y s i s  
(Rosenthal  and Z inkernage l ,  1980. Gajdowa e£  , 1980;
Webster and Askonas, 1980) .  Furthermore wi th  i n f lu e n z a  v i r u s ,
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c r o s s - r e a c t i v e  CTL's only occur f o l lo w in g  c e r t a i n  immunisation  
procedures (Webster and Askonas, 1980) .  Because Of the 
t e c h n i c a l  problems a s s o c i a t e d  wi th  such work in large animals  
an i n i t i a l  i n v e s t i g a t i o n  o f  CTL ind u c t ion  by BTV was s tu d ied  
in a mouse model with s p e c i a l  r e fe r e n c e  to  the a b i l i t y  o f  l i v e  
and i n a c t i v a t e d  p repara t ions  to produce CTL1s in v i v o  or on 
secondary s t i m u l a t i o n  jji  v i t r o . Demonstration o f  c r o s s ­
r e a c t i v e  CTL's to d i f f e r e n t  types o f  BTV and a r o le  for them 
in p r o t e c t io n  from d i s e a s e  could lead to improved vacc ine  
procedures.  This p o s s i b i l i t y  was i n v e s t i g a t e d  in mice us ing  a 
number o f  BTV t y p e s .
Observat ions in the mouse model however, proved o f  such 
i n t e r e s t  that  an attempt to i n v e s t i g a t e  ov ine  CTL's were 
c a r r i e d  out in ov ines  by examining targe t  and e f f e c t o r  c e l l s  
from the same animal,  thus avo id in g  problems a s s o c i a t e d  with  
g e n e t i c  r e s t r i c t i o n  (Zinkernagel  and Doherty,  1975) .
R e s u l t s
a) Induct ion  o f  C y to to x ic  T Lymphocytes in m ic e .
1) Primary Induct ion
I n f e c t i o n  o f  C^ H mice wi th  BTV4 gave r i s e  to  the 
development o f  c y t o t o x i c  s p l ee n  c e l l s  which caused the maximum 
l y s i s  o f  targe t  L929 c e l l s  between 7 and 8 days post
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i n f e c t i o n ,  dropped to u n d e t e c ta b le  l e v e l s  by 18-20 days a f t e r  
i n f e c t i o n  ( F ig .  4a) and was dependent on the e f f e c t o r - t o -  
ta r g e t  r a t i o  (Table 4 a ) .  Un infec ted  c e l l s  were a l s o  lysed by 
s p lee n  c e l l s  harvested between 2 and 7 days a f t e r  i n f e c t i o n  
but the l e v e l  o f  l y s i s  was always very much lower than that  
seen in i n fe c t e d  c e l l s  ( F i g .  4 a ) .  Although a f t e r  7 days l y s i s  
o f  u n in f e c t e d  c e l l s  was normally l e s s  than 2.5%, on some 
occ a s io n s  higher l e v e l s  did occur (Table 4a) and the reason  
for th i s  v a r i a b i l i t y  i s  not known.
S im i lar  l e v e l s  o f  l y s i s  were produced whether mice were 
i n f e c t e d  wi th  v irus  from mouse brain or from BHK c e l l s  (Table  
4b) and so v iru s  grown in BHK c e l l s  was used r o u t i n e l y .  Unlike  
previous work (Oellerman _et aj.. , 1979) ,  i t  was found ( t a b l e  
4c)  that  BHK or mouse-adapted v iru s  could be recovered from 
the heart  or sp leen  o f  mice f o l lo w in g  i n t r a p e r i t o n e a l  
i n o c u l a t i o n .  The t i t r e s  o f  v i r u s  reached a peak between 3 and 
4 days a f t e r  i n f e c t i o n ,  the time at  which CTL a c t i v i t y  
appeared (F ig  4a) ;  by 8 days v i r u s  was no longer recovered .  
However, in s p i t e  o f  t h i s  r e p l i c a t i o n ,  the development o f  
CTL's was shown to depend on the immunising dose o f  v iru s  
given  (Table 4b) al though mice in o c u la te d  wi th  v iru s  
i n a c t i v a t e d  with heat or BPL did not produce CTL's (Table 4 b ) .
2) Secondary In d u ct ion .
Spleen c e l l s  from mice i n f e c t e d  at l e a s t  14 days p r e v io u s ly  
with l i v e  v iru s  developed high l e v e l s  o f  c y t o t o x i c i t y  upon 
secondary s t i m u la t i o n  in v i t r o  with e i t h e r  l i v e  or i n a c t i v a t e d
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Fig .  Aa. Development o f  murine CTL's3 a g a in s t  b lue tongue  v i r u s  
type A i n f e c t e d  L929 c e l l s .
%  — — — - —- #  D i f f e r e n c e  between i n f e c t e d  and u n in f e c t e d  L929
c e l l s
O ........................'©  u n in f e c t e d  L929 c e l l s
jyc. -jyL i n f e c t e d  L929 c e l l s
3  6r8C^ H mice sp leen  c e l l s .  Mice immunised with 0 .5  X 10
TCLD^q BTVA. % s p e c i f i c  l y s i s  obtained us ing  chromium 
r e l e a s e  assay .
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Table  4a.  P r im a ry  i n d u c t i o n  o f  a n t i - b l u e t o n g u e  CTL u s in g
• 3var i ous  e f f e c t o r  to t arge t  c e l l  r a t i o s .
E f f e c t o r  % s p e c i f i c  l y s i s 0
Target c e l l  I n f e c t e d  N o n - in f e c t e d  D i f f e r e n c e
r a t i o
100:1 43 .6  13 .3  30 .3
50:1 28 8 .3  19.7
25:1 16 7 .4  8 .6
& 6 8 C^ H sp lee n  c e l l s  immunised 7 days p r e v io u s l y  with 0 .5x10
TCID5()/ml BTV4
b L929 c e l l s  + BTV4
C • .7 hour assay t ime.  Minimum o f  2 mice per exper iment.  Lys is  
expressed as a mean o f  the i n d i v i d u a l  mouse r e s u l t s .
Table 4b. Primary induct ion  o f  a n t i - b l u e t o n g u e  v i r u s  CTL u s in g  
var ious  e f f e c t o r  c e l l  p o p u la t io n s .
E f f e c t o r  c e l l  % s p e c i f i c  l y s i s 3
popu la t io n  s t im u la n t  L cells+BTV L c e l l s
alone
Immune C u 106*8 BTV4 mouse b r a*-n 35 .3  1.1
s p lee n  c e l l s  1(V n  BTV4 BHK 3 5 *7 ° - 7
10^‘ j: BTV4 BHK 9.6  2.1
10g g BTV4 BHK 7 .0  1.6
10 ‘ BTV4 BPL i n a c t i v a t e d  0 . 0  0 .7
10 BTV4 56°C 60 mins.  0 . 0  0 . 0
Mean o f  6 a s s a y s ;  assay time 7 hours.  E f f e c t o r  to t a rg e t  
c e l l  r a t i o  100:1 .  Standard error  l e s s  than 6%
b
Mice inoc u la te d  7 days pr ior  to  assay  with 0.5ml o f  v i r u s .  
Minimum o f  2 mice per exper iment.  Lys i s  expressed as a mean of  
the in d i v id u a l  mouse r e s u l t s
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Table *tc. Level 0 1  v i ru s  m  u s a u c o  i. 
C3H mice with blue tongue  v i r u s  type 4
Days post  
i n o c u l a t i o n
BTV4
Heart8
BHKb
Sp le e n e
BTV4
Heart
Mouse b r a i n 0 
Spleen
2 l 0 2 . 1 f 0 0 0
3 102 *2 IO2 *4 IO4 ’ 2 IO2 ’ 8
4 IO3 *2 i o 2 , 4 101 ,2 i o 1 , 8
5 1 0 1, 8 101 *2
00•o
101 *2
7 0 0 Trace 0
9 0 0 0 0
11 N.T N.T 0 0
a 0.5ml o f  v iru s  i n j e c t e d  i n t r a - p e r i t o n e a l l y .  2 mice per 
pr o toco l
b BTV4 passaged 6 t imes in BHK c e l l s  p r ior  to i n o c u la t i o n  
c BTV4 passaged 3 t imes in s u c k l in g  mice pr ior  to  i n o c u l a t i o n  
d Whole heart  ground up with  s t e r i l e  sand and d i l u t e d  out  
us in g  log d i l u t i o n s  in PBS+0.2 % BSA
e Spleen c e l l  suspens ion  ( c o n t a i n i n g  approx.  1 x 106 s p lee n  
c e l l s ) ,  d i l u t e d  out as d.
f  v i r u s  t i t r a t i o n s :  Expressed as TCID^Q/ml us ing  5 tubes pr 
d i l u t i o n
0 No v i r u s  d e t e c t e d
Trace 1/5 tubes us ing  und i lu ted  h e a r t / s p l e e n  
N.T. Not t e s t e d
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Table Ad. Secondary in d u c t io n  o f  c y t o t o x i c  T lymphocytes  by 
in v i t r o  s t i m u la t i o n  o f  primed s p lee n  c e l l s 3
E f f e c t o r  c e l l s 3 Target ce 1 Is
In v iv o  In v i t r o i n f e c t e d non­ % s p e c i f i c
s t im u lan t  s t im ulan t t a r g e t s  c i n f e c t e d l y s i s
t a r g e t s d i  f f e r e n c e
BTV4 none 1.2 0 1.2
BTV4 i n a c t i v a t e d  BTV8 37 .9 5.7 32 .2
BTV4 l i v e  BTVe 64 .8 9 .7 55.1
i n a c t i v a t e d
BTV4 l i v e  BTV 25.7 6 .3 19 .4
a .
Spleen c e l l s  removed from mice i n f e c t e d  14 days with BPL
6 o
i n a c t i v a t e d  or l i v e  v i r u s  ( 1 0 °* 0TCID5Q) pooled p reparat ions
incubated _ui v i t r o  for 5 days p r ior  to  the assay
b .
Carried out a f t e r  7 hours incubat ion  o f  e f f e c t o r  and t a rg e t
c e l l s ,  6 w e l l  d u p l i c a t e s .  Standard error  < 7%
° L c e l l s  + BTV4 25:1 e f f e c t o r  to t a rg e t  c e l l  r a t i o
d o
BTV4 i n a c t i v a t e d  for 1 hour at  56 C, added to an _in v i t r o
s p lee n  c e l l  c u l t u r e  5 days pr ior  to  the assay
G BTV4 (1 0 6 , 8 TCID50) added to 15ml o f  s p l ee n  c e l l  c u l tu r e  5
days pr ior  to assay
1 0 2
BTV4 (Table 4d) .  At an e f f e e t o r - t o - t a r g e t  c e l l  r a t i o  o f  25 :1 ,  
c e l l s  s t im ula ted  by l i v e  v i r u s  showed a s p e c i f i c  c y t o t o x i c i t y  
o f  64.8%, whereas the prev ious  use _in v i v o  o f  s i m i l a r  numbers 
o f  s t i m u la t i o n  e f f e c t o r  c e l l s  at  t h i s  l e v e l  had never produced 
l y t i c  l e v e l s  above 10% (Table 4b) .  Even though the numbers o f  
e f f e c t o r  c e l l s  in primary a s says  (Table 4b) were increased  
f o u r - f o ld  such l e v e l s  o f  c y t o t o x i c i t y  were not matched. Spleen  
c e l l s  from mice in o c u la te d  with BP L - inac t iva ted  BTV4 and 
s e c o n d a r i ly  s t im u la te d  in v i t r o  wi th  l i v e  BTV4 a l s o  produced 
CTL's. Hence, a lthough  i n a c t i v a t e d  preparat ions  do not produce  
primary CTL in d u c t io n ,  they did produce s p e c i f i c  BTV memory 
c e l l s .
3) T Ce11 Dependence.
To s u b s t a n t i a t e  the f a c t  that  the l y s i s  observed in primary 
assays  was mediated by T c e l l s ,  procedures aimed at  e n r ic h in g  
T c e l l  numbers in s p lee n  c e l l  s u spens ions  were c a r r i e d  out .
The passage o f  sp leen  c e l l  suspens ions  over nylon wool columns  
led to an in c r e a s e  in l y s i s  from 24.3% to 35.3% (Table 4 e ) .  
Treatment o f  sp leen  c e l l  su sp e n s ion s  with ant i- thym ocyte  serum 
and complement comple te ly  prevented l y s i s  o f  i n f e c t e d  targe t  
c e l l s  (Table 4 e ) .  Fo l lowing the use o f  an t i - IgG  serum, an 
in c r e a s e  in l y s i s  occurred from 25.7% to 37.5% (Table 4 e ) .
This increase  may r e f l e c t  the removal o f  humoral mediated  
suppresion o f  CMI (H e l l s trom  and Hel ls trom,  1974. Lagrance e_t 
a l . ,  1974) or an a c tu a l  in c r e a s e  in the percentage  o f  CTL's in 
the sp lee n  c e l l  s u s p e n s io n s .  Taken together  however, t h i s
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i  a u  l  c; n c  • o
popula t io ns
% spec i f ic  lysis*3
L c e l l s  3T3B L c e l l s
E f f e c t o r  c e l l  popu la t ion  + BTV L c e l l s  +BTV pseudorabies
Non-immune 0 0 .7 0 0 . 2
Immune Balb c s p l e e n 2 0 21.3 0 .1
Immune C^H s p l e e n  c e l l s 25.7 0 . 4 0 .8 1 .3
Nylon wool n o n - a d h e r e n t 35 .9 0 .6
Ant i  thymocyte 1 .2  serum
+complement 0 0
a n t i  IgG+complement 37 .4 0 . 2
Complement 26 .9 0 . 2
S i •C^H mice s p l e e n  c e l l s . Immunized 7 days w i th  0 .5 X
106TCID5 0 , BTV4
Means o f  s i x  a s s a y s .  Assay time 7 hours.  E f f e c t o r  to ta r g e t  
r a t i o  100:1 standard error  l e s s  than 4%. Minimum o f  2 mice per 
experiment.  Lys is  expressed  as a mean o f  the i n d i v i d u a l  mouse 
r e s u l t s
Table 4 f .  Lys is  by a n t i - b l u e t o n g u e  type 4 CTLs a g a i n s t  var ious  
ta rg e t  c e l l s
% s p e c i f i c  l y s i s ^  
E f f e c t o r  c e l l  Target c e l l  Target  c e l l  ( I n f e c t e d  ta r g e t s  
po pula t io n  i n f e c t i o n  type  -  u n i n f e c t e d
c o n t r o l  c e l l s )
Immune C^ H BTV4 L292 27.0
Immune C^ H BTV3 L292 9 .6
Immune Balb c BTV4 3T3B 14 .9
Immune Balb C BTV2 3T3B 5.1
Si Mice sp leen  c e l l s  in o c u la te d  7 days p r e v io u s ly  wi th  0 .5  X
10^ o f  BTV4 i n t r a - p e r i t o n e a 1l y . Minimum o f  3 mice per 
experiment
7 hour assay t ime.  100:1 e f f e c t o r  to  targe t  c e l l  r a t i o .  
Minimum o f  2 mice per exper iment.  Lys is  expresed as a mean o f  
the i n d i v id u a l  mice r e s u l t s
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ev id en ce  s t r o n g l y  s u g g e s t s  that  the observed l y s i s  was t  c e l l  
mediated.
Although s im i la r  experiments  were not c arr ied  out on 
s e c o n d a r i l y  s t im u la te d  CTL's i t  i s  a l s o  assumed that  these  
c e l l s  are c y t o t o x i c  T c e l l s  and not _iri v i t r o  generated NK 
c e l l s .  Apart from d i r e c t  ev id en ce  in other  systems that  t h i s  
i s  the case (Zweerink ej£ a_l .» 1977) mouse NK c e l l  r e a c t i v i t y  
has been shown to be r e l a t i v e l y  l a b i l e  in c u l t u r e  and hence 
a f t e r  5 days would not be expected to s u r v iv e  (Herberman and 
Holden, 1978; Paige jet a_l. , 1978; Stutman e_t j^l. ,  1978) .
4) V ir a l  and Target  C e l l  S p e c i f i c i t y .
To demonstrate the fac t  that  t h i s  l y s i s  was g e n e t i c a l l y  
r e s t r i c t e d ,  a f ea tu r e  which d i s c r i m i n a t e s  between CTL and 
natura l  k i l l e r  c e l l  (NK) a c t i v i t y ,  s p l ee n  c e l l s  from Balb C 
and C^ H immune s p lee n  c e l l s  were used as e f f e c t o r  c e l l s  
a g a in s t  n o n -h i s to c o m p a t ib l e  t a r g e t s  and no l y s i s  occurred  
(Table 4e)
To demonstrate v iru s  s p e c i f i c i t y ,  L929 or 3T3B c e l l s  were 
i n f e c t e d  with pseudorabies  v i r u s  and again no l y s i s  occurred  
(Table 4 e ) .
Hence the c h a r a c t e r i s t i c  v i r a l  and targe t  c e l l  s p e c i f i c i t y  
noted in other murine T c e l l  mediated a n t i - v i r a l  
c y t o t o x i c i t i e s  (Doherty ex  a_l . , 1976; Zinkernagel  and Welsh,  
1976; Hapel £ £  jiK , 1978; Lawman e t  j a l . , 1980) were a l s o  seen  
in the BTV ass a y .
105
However, L929 c e l l s  i n f e c t e d  with BTV3 or 3T3B c e l l s  
i n f e c t e d  with BTV2 were s u s c e p t i b l e  to  l y s i s  by 
h i s to c o m p a t ib l e  BTV4 immunised mouse s p lee n  c e l l s ,  a l though  
the l e v e l  o f  t h i s  a c t i v i t y  was l e s s  than that  observed in the 
homologous v i r u s  sys tem (Table 4 f ) .
^2 Generation o f  Murine CTL1s F o l lo w in g  va r io u s  Immunisation  
P r e c e d u r e s .
Experiments had a lready  shown that mice in oc u la te d  with l i v e  
BTV produced a CTL r e sp o n s e .  However a second i n o c u la t i o n  of  
l i v e  v iru s  21 days l a t e r  f a i l e d  to in c re a s e  the l e v e l  o f  t h i s  
l y s i s  (Table 4 g ) . BPL i n a c t i v a t e d  v i r u s  p r e p a r a t io n s ,  whether  
given  in a s i n g l e  or double i n o c u l a t i o n  or with adjuvant ,  
f a i l e d  to induce l y s i s  (Table 4 g ) .  A f ter  i n a c t i v a t i o n  o f  whole  
v iru s  i n f e c t e d  c e l l s  with g lu ta r a ld e h y d e  l y s i s  was observed  
but only at  a low l e v e l s  (Table 4 h ) . Two i n o c u l a t i o n s  o f  a 
preparation  o f  s i m i l a r l y  i n a c t i v a t e d  c e l l s  wi thout  adjuvant  
r e s u l t e d  in the h ig h e s t  l e v e l  o f  l y s i s ,  a l though t h i s  was 
c o n s id e r a b ly  below that  observed wi th  l i v e  v i r u s  p r e p a r a t i o n s .  
Adjuvanted preparat ions  produced even lower l e v e l s  o f  l y s i s  
and the reason for t h i s  remains to be e l u c i d a t e d .
The a b i l i t y  o f  l i v e  or BPL i n a c t i v a t e d  v iru s  to induce  
memory c e l l s  i s  shown in Table 4 i .  Live  v i r u s  induced memory 
c e l l s  were a c t i v a t e d  by homologous or hetero logous  bluetongue  
types to produce CTL's. The degree o f  l y s i s  s t im u la te d  in 
secondary as says  var ied  and depended on the v i ru s  type used.  
I n a c t i v a t e d  preparations  a l s o  induced memory c e l l s  which,  on
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Table 4g. Induct ion  o f  CTL's in C^ H mice f o l low in g  
i n o c u l a t i o n 3 with l i v e  and BPL i h a c t i v a t e d  bluetongue  v i r u s .
Target  c e l l  l y s i s 8 expressed  as 
Immunisation procedure % o f  value  obtained with  l i v e
v iru s
I n f e c t e d  Unin fec ted  D i f f e r e n c e
1 x Live v i r u s 0 100 0 100
2 x l i v e  v i ru s  92 4 88
1 x i n a c t i v a t e d  v iru s  -  -  -
2 x i n a c t i v a t e d  v i r u s  0 0 0
1 x i n a c t i v a t e d  v i r u s  in F . I . C . A . e 0 0 0
2 x i n a c t i v a t e d  v iru s  in F . I .C .A .  0 0 0
1 x i n a c t i v a t e d  v i r u s  in F.C.A.  0 0 0
2 x i n a c t i v a t e d  v iru s  in F.C.A.  0 0 0
a C^ H mice in o c u la t e d  0.5ml I /P e i t h e r  once and t e s t e d  7 days  
l a t e r ,  or t w ic e ,  the two i n o c u l a t i o n s  separated  by 2 weeks and 
then t e s t e d  7 days l a t e r
b E f f e c t o r  ce l l s -C^H mice s p le e n  c e l l s .  Target  c e l l s - L  c e l l s  
i n f e c t e d  24 hours pr ior  to  the assay  with BTV4 and l a b e l l e d
with Cr.)  7 hour r e l e a s e  a s s a y .  100:1 e f f e c t o r  to t a rg e t  
c e l l  r a t i o
c BTV4 106 *8 TCID
d i n a c t i v a t e d  by BPL (30 mins. at  37°C, 18 hours at  4°C, 0.3% 
BPL)
e Freunds incomplete  adjuvant  
f Freunds complete  adjuvant
Table 4h. Induct ion  o f  CTL's in C^ H mice fo l l o w i n g  
i n o c u la t i o n  wi th  l i v e  and g lu ta r a ld e h y d e  i n a c t i v a t e d  
blue tongue  v i r u s  i n f e c t e d  c e l l s .
Target  c e l l  l y s i s ^  expressed  as a 
Immunisation procedure % o f  value  obtained  with  l i v e
v ir u s
i n f e c t e d u n i n f e c t e d d i  f f e r e n c e
1 X l i v e  v i r u s 100 1.1 98 .9
2 X l i v e  v i r u s j 97 7 90
1 X i n a c t i v a t e d av iru s 28 6 22
2 X i n a c t i v a t e d v iru s 59 9 50
1 X inac t i v a t e d + F . I .C .A . 6 5 4 1
2 X inac t i v a t e d + F . I .C .A . 0 0 0
1 X inac t i v a t e d + F.C.A. 24 14.7 9.3
2 X inac t i v a t e d + F.C.A. 35.7 13 .9 18 .2
3 , 8 , and 0 as Table 7
8 i n a c t i v a t e d  by 0.15% g lu ta r a ld e h y d e  (35 mins. at  4°C)
e f
and as Table 7
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Table 4 i .  Production o f  s p e c i f i c  
s t i m u la t i o n  o f  s p lee n  c e l l s  from 
immunisation procedures.
Primary in vitro** secondary  
s t im ulan t  in v i t r o
s t im ulan t
CTL's by secondary in v i t r o  
C3H mice a f t e r  var ious
Cr r e l e a s e  assay  
i n f e c t e d  u n i n f e c t e d  d i f f .  
t a r g e t s  t a r g e t s
Live BTV4d l i v e  BTV4 5 5 . 8g 11.5 44 .3
i t  i t l i v e  BTV10 63 .8 19.5 4 4 .4
i t  n l i v e  BTV3 54 .5 36.6 17 .9
i t  n inac t.BTV4 49 .6 37.7 11 .9
i i  i i none 38 26 12
BPL i n a c t .  BTV46 l i v e  BTV4 15.3 3.7 11.6
i t  i t  n l i v e  BTV10 27 .3 9 .9 17 .4
i i  t i  i i l i v e  BTV3 20 .7 12 .4 8 .3
i t  t i  n i n a c t .  BTV4 25 22 .2 2 .8
i t  i i  i t
Glutaraldehyde
none 16 .8 10 .2 6 .6
i n a c t i v a t e d  BTV4^ l i v e  BTV4 11 4 7
i i  i t inac t.BTV4 7.1 3 .2 3 . 9
n  t i none 5.1 2 3.1
a , 51 _ ,7 hour Cr r e l e a s e  a s s a y .  E f f e c t o r  to  targe t  c e l l  r a t i o  o f
25:1 .  Target  c e l l s - L 9 2 9 .  C e l l s  i n f e c t e d  24 hours p r e v io u s l y
with  BTV4. E f f e c t o r  c e l l s - 5  day old _in v i t r o  grown C^ H mice
sp lee n  c e l l s
b
C^ H mice i n j e c t e d  with 0.5ml I /P  o f  pre p ar a t ion .  K i l l e d  7 
days l a t e r  and sp lee n  c e l l s  harvested and maintained on RPMI 
in fa lcon  f la s k s
C
St imulant added on day 1 to  In v i t r o  c u l tu r e d  sp lee n  c e l l s  
d 610. TCID50 o f  l i v e  BTV4
0.3% BPL , 30 minutes  at  37°C overn ight  at  4°C 
 ^ 0.15% g lu t e r a l d e h y d e ,  35 minutes at  4°C
g % s p e c i f i c  l y s i s .  Mean va lue  o f  at  l e a s t  two se pe ra te  
exper im ents .  S.D.  l e s s  than 7%
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secondary _in v i t r o  s t i m u l a t i o n ,  were ab le  to e f f e c t  s p e c i f i c  
l y s i s  (Table 4 i ) .  However, as was observed with the primary 
s t i m u l a t i o n ,  the l e v e l  o f  l y s i s  was much lower than that  
caused by l i v e  v iru s  p r e p a r a t io n s .
The antibody  response  as measured by the group s p e c i f i c  
ELISA t e s t ,  f o l l o w in g  a d m in is t r a t io n  o f  l i v e  and i n a c t i v a t e d  
v iru s  i s  shown in Fig 4b. C l e a r l y ,  two i n o c u l a t i o n s  o f  l i v e  
v iru s  were most e f f e c t i v e  in induc ing  a high  ant ibody response  
w hile  i n a c t i v a t e d  v iru s  without  adjuvant was l e a s t  e f f e c t i v e .
c) Generat ion o f  C r o s s - r e a c t i v e  Murine C y t o t o x ic  T 
Lymphocytes .
R ec iproca l  mouse and targe t  priming with s i x  d i f f e r e n t  types  
o f  l i v e  BTV revea led  a pa t tern  o f  complete  and v a r ia b le  c r o s s ­
r e a c t i v i t y  (Table 4 j ) .  Non-immunised mice and un in fe c te d  
t a rg e t  c e l l s  e x h i b i t e d  low l e v e l s  o f  s p e c i f i c  l y s i s .  Although  
a varied c r o s s - r e a c t i v i t y  occurred, the f o l lo w in g  po in ts  
emerge: ( i )  there  was no c l e a r  p r e ference  for the homologous 
i n t e r a c t i o n ;  ( i i )  c e r t a i n  BTV type ra ise d  e f f e c t o r  c e l l  
p opu la t ion s  which were b e t t e r  able  to ly se  the s i x  BTV type  
i n f e c t e d  targe t  c e l l s .  In p a r t i c u l a r  those produced by BTV 
types 1,6  and 10; ( i i i )  c e r t a i n  BTV type i n f e c t e d  t a r g e t s  were
more r e a d i l y  lysed by the var io us  e f f e c t o r  c e l l s ,  e . g .  BTV 
types 1 and 10. ( i v )  BTV16 induced e f f e c t o r  c e l l s  and i n f e c t e d  
t a r g e t  c e l l s  gave low l e v e l s  o f  s p e c i f i c  l y s i s  a g a in s t  the 
other f i v e  types examined.
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Fig .  4b. Measurement o f  the serum a n t ib o d ie s  produced in C^ H 
mice fo l lo w in g  the i n t r a p e r i t o n e a l  i n j e c t i o n  o f  var iou s  
blue tongue  v i r u s  p r e p a r a t io n s ,  u s in g  the group s p e c i f i c  ELISA 
t e s t .  (Pooled sera  from two m i c e /p r e p a r a t io n ) .  O p t i c a l  d e n s i t y  
va lu e s  are minus n e g a t iv e  c o n t r o l  v a l u e s .
X I -  s i n g l e  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  0 .5ml o f  
p r e p a r a t io n .
X 2 -  double i n t r a p e r i t o n e a l  i n j e c t i o n  o f  0.5ml o f  
p r e p ar a t ion .
sera  c o l l e c t e d  10 days a f t e r  f i n a l  i n j e c t i o n .
Live  -  BTV4 4 X 107 *4 TCID5()
I n a c t .  -  BTV4 i n a c t i v a t e d  by 0.3% BPL for 30 mins. a t  37°C and 
overn ight  at  4°C.
F.C.A.  i n a c t .  -  i n a c t i v a t e d  as above and e m u ls i f i e d  with an 
equal  volume o f  Freunds complete  adjuvant .
F . I .C .A .  i n a c t .  -  i n a c t i v a t e d  as above aand e m u ls i f i e d  w i th  an 
equal  volume o f  Freunds incomplete  adjuvant .
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Table Aj. Percent  s p e c i f i c  l y s i s  o f  var iou s  bluetongue v i r u s  
type induced CTL's3 a g a i n s t  var iou s  bluetongue  v i r u s  type
i n f e c t e d  t a rg e t  c e l l s * 5
E f f e c t o r
c e l l
types one three
ta r g e t
four
c e l l  types  
s i x  ten s i x t e e n
mean % 
l y s i s  
across  6 
t a r g e t s
u n i n f e c .
One 33c 23 24 31 47 8 27 .6 2
Three 14 9 8 11 13 0 9 .2 2
Four 19 15 20 7 28 2 15.1 1
S ix 31 19 17 25 42 7 23.5 2
Ten 29 20 21 20 42 4 22 .6 0
s i x t e e n 8 2 5 3 14 0 5 .3 2
Control** 1 5 5 3 1 0
a .
C^ H mice s p le e n  c e l l s .  C^H mice in o c u la te d  7 days p r e v i o u s l y
with  10*5 TCID50 BTV i n t r a p e r i t o n e a l l y
L929 c e l l s  I n f e c t e d  24 hours p r e v io u s l y  with 5 x 10^ TCID 
o f  BTV 50
c • •% s p e c i f i c  l y s i s .  7 hour a s s a y .  100:1 e f f e c t o r  to  ta r g e t
c e l l  r a t i o .  Minimum o f  3 s e p e r a t e  a s s a y s ,  2 mice per a s s a y .  
Standard error  l e s s  than 7%
d • *Uninfec ted  C^ H mice sp lee n  c e l l s
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1) Iji v i t r o  s e co n d a ry  s t i m u l a t i o n .
In .
v i t secondary s t i m u l a t i o n  o f  BTV4 primed sp lee n  c e l l s  
with BTV types 4,  10, and 3 gave r i s e  to s p e c i f i c  l y s i s  (Table  
4k) a g a in s t  BTV4 i n f e c t e d  t a r g e t s .  Secondary s t i m u la t i o n  with  
BTV type 10 and 4 gave s i m i l a r  l e v e l s  o f  l y s i s  ag a in s t  BTV4 
t a r g e t s ,  w h i l s t  BTV3 gave a lower but s i g n i f i c a n t  degree o f  
l y s i s  (Table 4 1 ) .  In v i t r o  secondary s t i m u la t i o n  o f  BTV4 
primed s p lee n  c e l l s  with BTV4 produced CTL's which lysed  BTV 
type 10 and 3 i n f e c t e d  t a r g e t  c e l l s  (Table 4 1 ) ,  al though again  
a lower l e v e l  o f  l y s i s  occurred a g a i n s t  BTV3 in fec ted ^-targets  
w h i l s t  BTV10 i n f e c t e d  t a r g e t s  gave the h ig h e s t  l e v e l  o f  l y s i s .  
Although secondary s t i m u la t i o n  gave r i s e  to  c e l l  p opu la t ion s  
which produced l e v e l s  o f  l y s i s  approximately  twice  those seen  
in primary a s s a y s ,  the r a t i o  o f  the same t a r g e t / e f f e c t o r  c e l l  
combination was s i m i l a r ,  e . g .  primary assays  o f  BTV4 e f f e c t o r s  
on BTV4 i n f e c t e d  t a r g e t s  gave 20% s p e c i f i c  l y s i s  (SL) (Table  
4k) ,  BTV4 memory c e l l s  s t im u la te d  with BTV4 and t e s t e d  on BTV4 
i n f e c t e d  t a r g e t s  gave 36.7% SL (Table 41) r a t i o  1 : 1 .8 4 :  BTV4 
e f f e c t o r s  on BTV10 i n f e c t e d  t a r g e t s  gave 28% SL (Table 4k) ,  
BTV4 memory c e l l s  s t im ula ted  with BTV4 and t e s t e d  on BTV 10 
in f e c t e d  t a r g e t s  gave 53% SL (Table 41) r a t i o  1 : 1 . 8 9 .  Thus,  
secondary s t i m u la t i o n  _in v i t r o  o f  BTV4 memory c e l l s  with  
var ious  BTV types produces CTL's which w i l l  l y s e  var ious  BTV 
types i n f e c t e d  t a r g e t s  and the pa t te r n  o f  t h i s  c r o s s ­
r e a c t i v i t y  i s  s i m i l a r  to that  found in the primary in v i t r o  
s t i m u la t i o n  a s s a y s .
1 1 2
a
s t i m u l a t i o n  with var ious  b lue tongue  v i ru s  types o f  blue tongue  
type 4 memory c e l l s b .
In v i  tro  s t im ulan t  target  c e l l s c
o f  memory c e l l s
BTV4 ( 1 0 6 *8 TCID5q) 4 4 . 3 d
BTV4 (108 TCID5Q) 43 .3
BTV10 ( 1 0 6 TCID50) 4 4 .4
BTV3 ( 1 0 6 TCID50) 17 .9
E f f e c t o r  c e l l s  s t im u la te d  and held for 5 days in upright
fa lc on  f la s k s  pr ior  to  the a s s a y .  25:1 e f f e c t o r  to ta r g e t  c e l l  
r a t i o .  7 hour assay at  37°C
b
C^ H mice s p lee n  c e l l s .  Mice in o c u la te d  3 weeks p r e v io u s l y  
• , n 6 .8
with 10 TCID50 g iven  i n t r a p e r i t o n e a l l y .
L929 c e l l s  i n f e c t e d  with BTV4
d
% s p e c i f i c  l y s i s  d i f f e r e n c e  between i n fe c ted  and u n i n f e c t e d  
L929 c e l l  va lues
Table 41. Percent  s p e c i f i c  l y s i s  ag a in s t  various bluetongue  
v iru s  i n f e c t e d  targe t  c e l l s  f o l l o w in g  bluetongue v iru s  in 
v i t r o  s t i m u l a t i o n  o f  BTV4 memory c e l l s .
In v i t r o  s t im ulan t  Target c e l l s
o f  memory c e l l s
BTV4 BTV3 BTV10
106 TCID5() BTV4 3 6 . 7b 15 53
none 8 .8  6 16
C^ H mice sp leen  c e l l s .  Mice inocu la ted  3 weeks e a r l i e r  with  
6 8
10 TCID^q BTV4 g iven  i n t r a p e r i t o n e a l l y
b . . o
Percent  s p e c i f i c  l y s i s .  7 hour assay  at  37 C 25:1 e f f e c t o r
to t a rg e t  c e l l  r a t i o
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2) Double i n  v i v o  im m un isa t ion  p r o c e d u r e s .
Following the immunisation o f  C^ H mice with two 
i n o c u l a t i o n s  o f  BTV, the CTL popu la t io n  and a n t ib o d ie s  induced 
were examined. Mice responded to  BTV4 immunisation by 
producing s p e c i f i c  ant ibody;  one in o c u la t i o n  produced sera  
which gave o p t i c a l  d e n s i t y  read in gs  on an ELISA o f  0 . 4  which 
increased  to 0 .8 5  a f t e r  two i n o c u l a t i o n s .
CTL product ion  in mice i n i t i a l l y  immunised wi th  BTV4 and 
in o c u la te d  2 weeks l a t e r  wi th  e i t h e r  BTV4, BTV10 or 
pseudorabies  v iru s  caused only low l e v e l s  o f  l y s i s  a g a in s t  
L929 c e l l s  i n f e c t e d  with BTV types 4,  10 or 16. However, BTV4 
immunised mice in oc u la te d  with BTV16, evoked CTL's which 
caused higher l e v e l s  o f  l y s i s  a g a in s t  a l l  three BTV types  
i n f e c t e d  t a r g e t s  (Table 4m). This l y s i s  i s  a l l  the more 
s i g n i f i c a n t  when compared with that  induced by a s i n g l e  
i n o c u l a t i o n  of  BTV16 (Table 4ft) .
A probable e x p lan a t ion  for these  r e s u l t s  i s  that  BTV4 
immunised mice w i l l  produce a n t ib o d ie s  which w i l l  n e u t r a l i s e  
both the homologous type and type 10 as i t  i s  known that  some 
degree o f  ant ibody c r o s s - n e u t r a l i s a t i o n  occurs between types 4 
and 10 (B .J .  Erasmus, persona l  communication).  This  
n e u t r a l i s a t i o n  could then a f f e c t  the a b i l i t y  o f  v iru s  to  
induce further  CTL product ion .  However, f o l l o w in g  BTV16 
i n o c u l a t i o n ,  no n e u t r a l i s a t i o n  occurs and an enhanced CTL 
response  f o l l o w s .  A s i m i l a r  e xp lana t ion  has been used to  
e x p la in  analogous experiments  with the i n f lu e n z a  type A 
v i r u s e s  ( E f fr o s  jet a ^ . , 1977) and VSV (Rosenthal  and
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TaD le ^m. t'ercenc s p e c i n c  l y s i s  or var io us  D i u e c o n g u e  v i r u s  
type i n f e c t e d  t a r g e t s  by CTL's induce f o l lo w in g  i n o c u l a t i o n  o f  
BTV4 primed mice with var iou s  BTV types in v i v o .
E f f e c t o r  c e l l s 3
Second in v iv o  
inoculatTon BTV4
ta rg e t  
BTV 10
c e l i s ^  
BTV 16 Unin fee ted
BTV4 9C 8 8 2
BTV10 8 2 5 2.5
BTV 16 23 19 24.5 0
Pseudorabies  v iru s  7 .5 9 3 .5 0
cl •
C-jH mice s p lee n  c e l l s .  Mice in o c u la t e d  2 weeks p r ior  to
fi R
second in v i v o  i n o c u l a t i o n  with 10 * TCID^q BTV4 g iven  i n t r a
p e r i t o n e a l l y . Second i n o c u l a t i o n  10^ TCID o f  v iru s  
i n t r a p e r i  t o n e a l l y
L929 c e l l s  i n f e c t e d  wi th  var iou s  BTV types
c .
Percent  s p e c i f i c  l y s i s  f o l l o w in g  7 hour ( Cr r e l e a s e )
a s s a y .  100:1 e f f e c t o r  to  ta r g e t  c e l l  r a t i o
Table 4n. Percent  s p e c i f i c  l y s i s  o f  BTV1 and BTV16 induced 
CTL's a g a in s t  var ious  o r b i v i r u s  i n f e c t e d  t a r g e t  c e l l s .
E f f e c t o r
c e l l s 3 BTVl BTVl 6
t a r g e t  c e l l s * 5
Ibaraki  E .H .D .C C orr iparta
BTV1 24d 3 0 0 0
BTV 16 11 5 0 0 0
C^ H mice s p lee n  c e l l s .  Mice immunised 7 days p r e v io u s l y  wi th  
10^*® TCID^q BTV type 1 or 16
b L929 c e l l s  i n f e c t e d  with 5 x 10^ TCID^q o f  the appropr iate
v i r u s .  7 hour (^*Cr r e l e a s e )  a s s a y .  100:1 e f f e c t o r  to ta r g e t  
c e l l  r a t i o
c . . .E p iz o o t i c  Haemorrhagic D i s e a se  v i ru s
d
% s p e c i f i c  l y s i s  d i f f e r e n c e  between i n f e c t e d  and u n i n f e c t e d  
L c e l l  va lues
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Zinkernage l ,  1980) .
3) 'Cold t a r g e t 1 c o m p e t i t i v e  i n h i b i t i o n  a s s a y .
R e l a t i o n s h i p s  between BTV types 10,  16 and 6 were examined 
by i n t e r p o s i n g  u n l a b e l l e d  v iru s  i n f e c t e d  L929 c e l l s  between  
e f f e c t o r s  and t a r g e t s  ( s o - c a l l e d  ' c o ld  t a r g e t '  com p et i t ion  
a s s a y s ) .  Optimum r e s u l t s  were obta ined at  a r a t i o  o f  cold  
t a r g e t s  to  Cr) l a b e l l e d  t a r g e t s  o f  8:1 (F ig  4 c ) .  In the  
case  o f  BTV10 evoked e f f e c t o r  c e l l s ,  BTVlO i n f e c t e d  cold  
t a r g e t s  s u c c e s s f u l l y  i n h i b i t e d  homologous l y s i s ,  whereas type  
6 co ld  t a r g e t s  caused l e s s  i n h i b i t i o n .  I f  CTL s u b s e t s  are 
produced a g a i n s t  group and type a n t ig e n s  homologous cold  
t a r g e t s  w i l l  compete a g a in s t  both caus in g  the maximum 
i n h i b i t i o n .  Hence when us ing  BTV 10 co ld  t a r g e t s ,  BTVlO 
e f f e c t o r s  may have recogn ised  both group and type an t ige n s  and 
these  t a r g e t s  caused the g r e a t e s t  degree  o f  i n h i b i t i o n .  Using  
BTV6 co ld  ta r g e t s  with BTVlO e f f e c t o r s ,  a reduced e f f e c t  
occurred w h i l s t  BTV16 cold  t a r g e t s  had l i t t l e  or no e f f e c t .  
Hence when us ing  BTV6 co ld  t a r g e t s  the BTVlO e f f e c t o r  c e l l s  
only recogn ised  group an t ige n s  on these  co ld  t a r g e t s  and a 
sm al ler  degree o f  i n h i b i t i o n  o f  labe led  t a r g e t s  occurred .  The 
low a c t i v i t y  o f  BTV16 cold  t a r g e t s  in t h i s  assay r e f l e c t s  
s i m i l a r  o b s e r v a t io n s  in the primary assay  (Table 4 j )  where 
BTVl6 only evoked low l e v e l s  o f  CTL's and where type 16 
i n f e c t e d  t a r g e t s  show low l e v e l s  o f  s p e c i f i c  l y s i s  in the 
presence  o f  he tero logous  e f f e c t o r s .  In the homologous BTV6 
t e s t ,  however,  where BTV6 cold  t a r g e t s  might be expected to
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Fig .  4c.  I n h i b i t i o n  o f  immune s p le e n  c e l l  e f f e c t o r s  (1 0 0 :1 )  in 
a 7 hour assay us ing  d i f f e r e n t  r a t i o s  o f  c o ld ,  u n l a b e l l e d  
compet itor  c e l l s .  The com pet i tors  were normal L929 c e l l s ,  or L 
929 c e l l s  in fe c t e d  with bluetongue  v iru s  types 10 ,6  or 16.
Both cold and l a b e l l e d  L 929 c e l l s  were added to the e f f e c t o r
c e l l s  at the same t ime.
O O  Cold t a r g e t s  BTVlO
0 — — — — — •  Cold t a r g e t s  BTV6
i f  — — >f Cold t a r g e t s  BTV16
Q __________Q  Unin fec ted  t a r g e t s
Level  o f  l y s i s  (X) with no cold t a r g e t s  shown on v e r t i c a l  
a x i s .
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ca u se  the  g r e a t e s t  i n h i b i t i o n ,  type  10 t a r g e t s  ag a in  r e s u l t e d  
in  the  h i g h e s t  l e v e l  o f  i n h i b i t i o n .  These r e s u l t s  f u r t h e r  
d e m o n s t r a t e  the  c r o s s - r e a c t i v e  n a t u r e  o f  BTV evoked CTL's and 
a g a in  r e f l e c t  the  a b i l i t y  o f  c e r t a i n  BTV types  to  cause  more 
c r o s s - r e a c t i o n s  than o t h e r  t y p e s .
4) R e l a t i o n  with Other O r b i v i r u s e s .
I b a r a k i ,  E p iz o o t i c  Haemorrhagic D i s e a s e  (EHD) and 
Corriparta  v iru s  i n f e c t e d  L929 c e l l s  were not lysed  by e i t h e r  
BTV1 or BTV16 induce CTL's (Table 4n ) .  S e r o l o g i c a l l y  EHD and 
Ibaraki  are con s id ered  c l o s e l y  r e la t e d  to  BTV ( D e l l a - P o r t a  e_t 
a l . ,  1979) .  The lack o f  c r o s s - r e a c t i o n  between these  v i r u s e s  
again i n d i c a t e s  that the an t ige ns  concerned wi th  p r o t e c t i v e  
s e r o l o g i c a l  and CMI responses  are d i f f e r e n t  and that  the 
c r o s s - r e a c t i v e  CTL-evoking ant igen  which i s  present  in BTV's 
i s  d i f f e r e n t  from that  presen t  on other  o r b i v i r u s e s .
d)  I n d u c t i o n  o f  Ovine C y t o t o x i c  Lymphocytes .
The development of  ovine anti-BTV c y t o t o x i c  c e l l s  f o l low in g  
the intradermal i n o c u la t i o n  o f  BTV in to  sheep can be seen in 
F ig .  4d. Only low l e v e l s  o f  l y s i s  occurred pr ior  to day 9 p . i .  
o f  BTV, with peak l e v e l s  occurr ing  around day 15 p . i .  and a 
rapid d e c l i n e  3 to  4 days l a t e r .  Lys is  a g a in s t  u n in fe c te d  
t a r g e t s  was c o n s i s t e n t l y  low (mean va lue  over 22 days in four  
animals 4 . 3 + 6 . 6 ) .  PBL's from an animal not  inocu la ted  wi th  BTV
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F ig .  4d. Development g f  ov ine  CTL's3 a g a i n s t  blue tongue  v i r u s  
i n f e c t e d  t e s t i s  c e l l s  .
D i f f e r e n c e  between i n f e c t e d  and u n i n f e c t e d  
t a r g e t s .
....................... ty. Un in fec ted  t e s t i s  c e l l s .
0  — — — — — 0  I n f e c t e d  t e s t i s  c e l l s .
a Sheep PBL's c o l l e c t e d  a t  var iou s  days post  i n o c u l a t i o n  with
10^ TCID^q BTV4. X s p e c i f i c  l y s i s  obta ined u s in g  chromium
r e l e a s e  a s s a y .  Minimum o f  6 w e l l s / s a m p l e .  R e s u l t s  mean o f  4 
sheep.
T e s t i s  c e l l s  der ived  from the same animal as e f f e c t o r  PBL 
p o p u la t io n .  I n fec te d  24 hours pr ior  to  assay with  BTV4.
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f a i l e d  to ly se  BTV i n f e c t e d  t a rg e t  c e l l s .  The e f f e c t s  o f  
var iou s  treatments  on these  c e l l s  can be seen seen in Table  
4b. Passage  o f  these  c e l l s  over nylon wool increased  l e v e l s  o f  
l y s i s ,  w h i l s t  treatment with a n t i - o v i n e  IgC serum with  or 
without  complement had l i t t l e  e f f e c t .  However s in c e  a n t i - o v i n e  
thymocyte serum was not. a v a i l a b l e  i t  was not  p o s s i b l e  to  
confirm that  the l y t i c  a c t i v i t y  was T c e l l - m e d i a t e d .  Immune 
PBL's from two animals u s ing  a l l o g e n e i c  t a r g e t s  f a i l e d  to g i v e  
r i s e  to  l y s i s .  This  i n d i c a t e s  the p o s s i b i l i t y  that  l y s i s  in 
t hese  animals was MHC r e s t r i c t e d  and hence s u g g e s t s  that  i t  
was T c e l l - m e d ia t e d  (Zinkernage l  and Doherty,  1975) .
D i s c u s s i o n
The c h a r a c t e r i s t i c s  o f  the c y t o t o x i c i t y  response  o f  mice to  
BTV4 i n f e c t i o n  provides  ev id ence  that  i t  i s  T c e l l - m e d i a t e d  
and conforms to the p a t tern  o f  v iru s  and g e n e t i c  r e s t r i c t i o n  
de sc r ibe d  for many other  murine systems (Doherty e_t a_l. ,  1976;  
Hapel et  ^ a K , 1978; Lawman £ t  j Q . , 1980; Quinnan et  ^ a_l . , 1978;  
Blanden e^ t a^. , 1976) .  However at  two to f i v e  days a f t e r  
i n f e c t i o n ,  s p lee n  c e l l  s u spens ions  caused s i g n i f i c a n t  l y s i s  o f  
n o n - i n f e c t e d  targe t  c e l l s  ( F i g .  4 a ) .  The e a r ly  appearence o f  
t h i s  a c t i v i t y ,  the fa c t  that  i t  was only observed in sp leen  
c e i l  suspens ions  from v iru s  i n f e c t e d  mice and that  i t  was a l s o  
observed a g a in s t  n o n - i n fe c t e d  t a r g e t s  argues that  t h i s  part o f
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Table 4o.  E f f e c t s  o f  var iou s  treatments  on ovine  a n t i -  
fa luetongue  v i r u s  CTL p o p u la t io n s .
E f f e c t o r  c e l l
% s p e c i f i c  l y s i s 3 
t e s t i s  c e l l s  t e s t i s  c e l l s  d i f f e r e n c e  
( i n f e c t e d  BTV) ( u n i n f e c t e d  BTV)
Non-immune PBL's'3 0
Immune PBL'sC 42
Nylon wool non-adherent 57 
PBL,s + a n t i - o v i n e  IgG 
+ complement 42
PBL's + complement 49
Unrelated immune PBL's^ 5
Unrelated immune PBL's 8 .7
0
19
17
10
18
8
15 .2
0
23
40
42
31
0
0
a 51
Means o f  6 a s s a y s .  7 hour Cr r e l e a s e  a s s a y .  E f f e c t o r  to
t a rg e t  c e l l  r a t i o  100:1.  Standard error  l e s s  than 6%
Derived from same animal as targe t  c e l l  p r ior  to  i n o c u l a t i o n
with.BTV 
c
Derived from same animal as targe t  c e l l .  C o l l e c t e d  15 days
p o s t - i n o c u l a t i o n  with 10^ TCID BTV
50
d . .Derived from d i f f e r e n t  animal from which the t a r g e t  c e l l s  
were obtained but s i m i l a r l y  inoc u la te d  with BTV
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the a c t i v i t y  was due to na tur a l  k i l l e r  c e l l  a c t i v i t y  (Rodda 
and White, 1978; Welsh, 1978; Welsh,  1981) .  BTV i s  known to be 
high ly  e f f e c t i v e  at inducing i n t e r f e r o n  (Rinaldo jet a l .  , 1973)  
and t h i s  a c t s  as a powerful  augmentor o f  NK c e l l  a c t i v i t y  
( T r i n c h i e r i  and S a n t o l i ,  1978; Gidlund ejt a_l. , 1978) .
The maximum l y s i s  observed by the CTL's was con s id er ab ly  
lower than that  de sc r ibe d  for some other systems and i t  i s  
p o s s i b l e  that  some r e g u la t i n g  event  occurs _in v i v o  to c u r t a i l  
l y t i c  a c t i v i t y  as has been observed in mice i n f e c t e d  with  
herpes s implex v i r u s  (Lawman et  ^ ajK , 1980) .
I t  was not p o s s i b l e ,  however to  demonstrate primary CTL 
induct io n  with i n a c t i v a t e d  preparat ions  (Tables  4a and 4g) 
even though the preparat ions  were immunogenic as shown by the  
induct ion  o f  antibody  ( F ig .  4b ) .  This i s  important at  two 
l e v e l s .  F i r s t l y  there  are c o n s id e r a b le  d i f f e r e n c e s  in the 
a b i l i t y  o f  var ious  l i v e  and i n a c t i v a t e d  v i r u s e s  to produce a 
CMI response  ( B r a c ia l e  and Yab, 1978; E r ty l  ejt _ a l . , 1977;  
Kirschner et  ^ al_. , 1978) .  Thus, l i v e  and i n a c t i v a t e d  v a c c in i a  
(Hapel ejj j r l . , 1978) and Sendai  v i r u s  (Schrader and Edelman
1977) preparat ions  are e q u a l ly  e f f e c t i v e  in promoting a CTL 
r e sp o n s e ,  whereas some authors ( B r a c ia l e  and Yap, 1978; Lawman 
ejt aj^., 1980) have shown that  i n a c t i v a t e d  herpes and i n f l u e n z a  
v iru s  f a i l  to e l i c i t  CTL product ion .  I t  has been argued 
(Hapel £ t  a d . , 1978) that  some i n a c t i v a t e d  v i r u s e s  do not fuse  
i n t o  the membrane of  s t im u la t o r  c e l l s  to  produce the necessary  
i n t e r a c t i o n  with a n t ige n s  o f  the Ir  gene to e l i c i t  CTL 
product ion .  Work with herpes s implex v i r u s  (Rouse and Lawman, 
1980; Schmid and Rouse, 1983) has i n v e s t i g a t e d  t h i s  face t  o f
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CTL product ion  and emphasised the importance o f  ant igen  
t r i g g e r i n g  o f  he lper  c e l l s  to produce a f a c to r  which a c t s  on 
precursor  c e l l s .  BTV i n f e c t e d  f ixed  c e l l s  preparat ions  did 
induce a primary response which was improved by a second  
i n o c u l a t i o n .  I t  may w e l l  be that  BTV p r e s e n t a t io n  in t h i s  
system i s  adequate and hence even though the preparation  i s  
i n a c t i v a t e d  CTL production e n s u e s .
Secondly ,  i t  has been shown in sheep ,  us ing  adjuvanted  
i n a c t i v a t e d  BTV vac c in e s  ( S t o t t  «rt c Q . , 1979) ,  that  such  
preparat ions  can mediated p r o t e c t i o n  a g a in s t  i n f e c t i o n ,  
apparent ly  by s t i m u l a t i n g  a CMI r e sp o n s e ,  as measured by a 
lymphocyte transformat ion  t e s t .  Although i t  was not  p o s s i b l e  
in mice,  to  demonstrate primary CTL product ion  by i n a c t i v a t e d  
v iru s  (Table 4a and 4g) BTV i n a c t i v a t e d  preparat ions  did 
induce memory T c e l l  product ion which on jjn v i t r o  c u l t u r e  gave  
large numbers o f  CTL's (Tables  4d and 4 i ) .  I f  t h i s  s i t u a t i o n  
could be shown with BTV in sheep,  then rapid CTL production  
upon c h a l l e n g e  could l im i t  v i r u s  m u l t i p l i c a t i o n  and c l i n i c a l  
s ig n s  and be the mechanism by which i n a c t i v a t e d  va c c in e s  
p r o t e c t  sheep ag a in s t  l i v e  v i r u s  c h a l l e n g e  ( S t o t t  e t  a l . ,  
1979) .
Evidence that the p r e s e n t a t i o n  o f  v i r u s  or induced 
a n t ig e n s  are r e s p o n s ib l e  for the induct ion  o f  an antibody  or 
CTL response  h i g h l i g h t s  the need for improved p u r i f i e d  BTV 
p reparat ions  so that  the p r o t e i n s  r e s p o n s ib l e  for the immune 
e f f e c t s  can be i d e n t i f i e d  and used to produce improved 
v a c c i n e s .  However i f  CTL product ion i s  found to have c l i n i c a l  
s i g n i f i c a n c e  and i n a c t i v a t e d  vacc ines  to be a n e c e s s i t y  then
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f i x e d  c e l l  pre p ar a t ion s  appear to  be the only va c c in e s  worth 
pursuing.
Turning now to the s p e c i f i c i t y  o f  r e c o g n i t io n  o f  the BTV 
evoked CTL's, the r e s u l t s  show that  no c l e a r  p r e ference  e x i s t s  
for the homologous type (Table 4 j ) .  In c o n t r a s t  to  the lack o f  
d i s c r i m i n a t i o n  on the part  o f  the T - c e l l  response  on the 
i n o c u la t i o n  o f  one BTV type ,  the humoral response  to BTV 
appears to be type s p e c i f i c  (Howell ,  1963) and u n t i l  r e c e n t l y  
( S t o t t  £ t  a_l. , 1979) the product ion o f  a n t ib o d ie s  e i t h e r  by 
a t tenuated  or k i l l e d  BTV v a c c in e s  was the criterion by which 
such vac c in e s  were a s s e s s e d .  A s i m i l a r  s i t u a t i o n  had e x i s t e d  
with in f lu e n z a  v i r u s ,  but  here the d i s c o v e r y  o f  c r o s s - r e a c t i v e  
T c e l l s  ( E f fr o s  e^ t a l . , 1977; Zweerink et^ a_l . , 1977) fo l lowed  
by f u n c t i o n a l  a ssays  which have shown t h e i r  importance in 
h e t e r o t y p i c  c h a l l e n g e  (Webster and Askonas , 1980) ,  has meant 
that  vacc ine  procedures can now be f u n c t i o n a l l y  a s s e s s e d  in 
terms o f  both humoral and c e l l - m e d i a t e d  immunity (Webster and 
Askonas 1980) .  Apart from these  two v i r u s e s ,  c r o s s - r e a c t i v e  T 
c e l l s  have a l s o  been de sc r ibe d  for v e s i c u l a r  s t o m a t i t i s  v i r u s  
(Rosenthal  and Zinkernage l ,  1980) and f l a v i v i r u s e s  (Gajdowa 
et  ^ a^L. , 1980) and the p o s s i b i l t y  e x i s t s  that  t h i s  phenomenon 
may play a r o l e  in h e t e r o t y p i c  immunity in other v i r u s  groups .
Although previous work has sugges ted  that  the an t ige n s  
r e cogn ise d  by both T and B c e l l s  are s i m i l a r  (Binz and 
W i g z e l l ,  1975) the r e s u l t s  with  the BTV types (Table 4 j )  and 
between other  o r b i v i r u s e s  (Table 4n) to g e th e r  with the 
in f lu e n z a  and v e s i c u l a r  s t o m a t i t i s  v i ru s  work sugges t  that  
d i s t i n c t  and d i f f e r e n t  an t ige ns  are be ing recogn ised  by the
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humoral and c e l l u l a r  immune sy s tem s .  This  p a r t i c u l a r  f a c e t  o f  
i n f l u e n z a  immunology has r e ce iv ed  much a t t e n t i o n  (Zweerink e t  
a_l. , 1977; E f fros  et_ a_K , 1977) and a number o f  d i f f e r e n t  
e x p la n a t io n s  have been argued.  With the advent o f  monoclonal  
a n t ib o d ie s  the immunodominance o f  the i n f l u e n z a  haemagglut in in  
molecule  for antibody  responses  and i t s  s t r i c t  type response  
i s  in no doubt.  Although there i s  ev id ence  that  T c e l l s  may 
a l s o  r e c o g n is e  part  o f  the haemagglut in in  molecule  (Askonas  
and Webster,  1980; Koszinowski  £ t  j i l . , 1980; B r a c i a l e  e t  a l . ,  
1981) ,  i t  has been sugges ted  that  the i n t e r n a l  RNP and M 
p r o t e in  may account for t h i s  c r o s s - r e a c t i v i t y  (B idd ison  £ t  
a l . ,  1977; R e i s s  and Schulman, 1980) .  With BTV, such e l e g a n t  
a n a l y s i s  o f  p u r i f i e d  v i r a l  p r o t e i n s  has not  been done,  
al though s i t e s  on t y p e - s p e c i f i c  p r o t e i n s  2 and 5 and the group 
p r o t e in  7 (Huismans and Howell ,  1973) are p o s s i b l e  candidates  
for T - c e l l  r e c o g n i t i o n .
Examining the f u n c t i o n a l  importance o f  these  c e l l s  the 
r e s u l t s  in mice are s i m i l a r  to p a r a l l e l  s t u d i e s  wi th  in f l u e n z a  
v ir u s  where data has accumulated i n d i c a t i n g  the importance o f  
c e l l - m e d ia t e d  immunity (Larson <Jt a\ . ,  1978) in  p r o t e c t i o n  in  
both man and mice (Webster and Askonas, 1980) .  The f a c t  that  
BTV i s  not l e t h a l  for mice,  i n c lu d in g  nude and i r r a d i a t e d  
animals  (unpubl ished o b s e r v a t i o n s )  and that  viraemias  are o f  
low l e v e l s  and short  durat ions  ( Table 4c) makes the 
assessment  o f  the f u n c t i o n a l  importance o f  CTL's in BTV 
i n f e c t e d  mice d i f f i c u l t .  I f  however, f u n t i o n a l l y  important  
c r o s s - r e a c t i v e  ovine CTL's are shown to e x i s t  then th i s  would 
have a number o f  i m p l i c a t io n s  on vacc ine  p o l i c y .  F i r s t l y ,  l i v e
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v i r u s  or i n a c t i v a t e d  v i r u s  p reparat ions  on c e l l  membranes 
appears to be a p r e r e q u i s i t e  for a primary CTL re sp on se .  
Secondly,  i t  i s  apparent that  with the types t e s t e d  c e r t a i n  
v ir u s  types are more e f f e c t i v e  at  induc ing CTL's than o thers  
and thus i f  a broad h e t e r o t y p i c  immunity i s  advantageous then 
these  should have p r i o r i t y  as v a c c in e  typ e s .  T h ir d ly ,  m u l t i p l e  
v a c c i n a t i o n s  may be c o n t r a - i n d i c a t e d  as n e u t r a l i s i n g  ant ibody  
appears to d e crease  the c r o s s - r e a c t i v e  resp on se .  I t  i s  a l s o  o f  
i n t e r e s t  to  note that  the o r i g i n a l  p r o t e c t i o n  work o f  N e i t z  in 
the 1 9 4 0 ' s ,  which showed far fewer groups than subsequent in 
v i t r o  n e u t r a l i s a t i o n  t e s t s  (Howell ,  1963) ,  i . e .  more c r o s s ­
p r o t e c t i o n  between i s o l a t e s ,  might w e l l  r e f l e c t  the importance  
o f  t h i s  h e t e r o t y p i c  response and not "be merely a 
demonstration o f  the f a l l i b i l i t y  o f  c r o s s - p r o t e c t i o n  t e s t s "  
(Howell 1970) .
As, has been in d ic a te d  the f u l l  va lue  o f  o b s e r v a t io n s  in 
the murine system r e s t  on the demonstrat ion  o f  s i m i l a r l y  
fu n c t i o n a l  CTL's in sheep.  However problems o f  g e n e t i c  
r e s t r i c t i o n  in ov ines  (Van Dam 1981) and s u i t a b l e  T c e l l  
markers (Higgins  1981) l i m i t  the degree to  which ovine  CTL's 
can be c h a r a c t e r i s e d . The use o f  targe t  c e l l s  der iv ed  from the 
same animal as e f f e c t o r  c e l l s  in f u n c t i o n a l  CTL assays  avoids  
the problems a s s o c i a t e d  wi th  MHC r e s t r i c t i o n  and c y t o l y s i s .  
From the r e s u l t s  i t  appears that sheep on i n o c u l a t i o n  o f  BTV 
produce c e l l s  capable  o f  l y s i n g  i n f e c t e d  t a r g e t s  ( F i g .  4d) .  
Further i t  would seem that  t hese  c e l l s  w i l l  not l y s e  non-  
h i s to c o m p a t ib l e  t a r g e t s  and are not f u n t io n a l  dependent on the 
presence  o f  ant ibody (Table 4 o ) . These r e s u l t s  would support
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the not ion  that  the l y s i s  i s  n e i t h e r  due to n atura l  k i l l e r  
c e l l s ,  whose a c t i v i t y  i s  not g e n e t i c a l l y  or v i r o l o g i c a l l y  
r e s t r i c t e d ,  or to k i l l e r  c e l l s  whose a c t i v i t y  i s  dependent on 
the presence  o f  s p e c i f i c  anti-BTV ant ibody .  U n for tunate ly  i t  
was not p o s s i b l e  to i n v e s t i g a t e  the v i r a l  s p e c i f i c t y  o f  t h i s  
ovine  c e l l - m e d i a t e d  l y s i s  due to  lack o f  s u i t a b l e  numbers o f  
t a r g e t  c e l l s .
To confirm that  t h i s  l y s i s  i s  c a r r i e d  out by s p e c i f i c  
c y t o t o x i c  T c e l l s  would require  the use o f  a n t i  ov ine  c e l l  
markers.  However, at presen t  t hese  are not a v a i l a b l e .  Although  
peanut a g g l u t i n i n  ( Arachis  hypogea , Sigma Chemicals L td . )  has 
been de sc r ibe d  as a T c e l l  marker (Re isner  <^ 1. , 1979) in  
humans i t  does not seem to d i s t i n g u i s h  between T c e l l  su b se t s  
(Newman and D e l ia  1983) and no data  e x i s t s  on i t s  u s e f u l n e s s  
in ov in e s .
Thus al though not a l l  the c h a r a c t e r i s t i c s  o f  the murine CTL 
(Zinkernagel  and Doherty,  1975; Zinkernagel  and Welsh, 1976)  
have been de sc r ibe d  for t h i s  ov ine c e l l  which mediates  l y s i s  
i t  would appear that i t  probably be longs  to the c y t o t o x i c  T 
c e l l  s u b s e t .  I f  t h i s  i s  indeed the case  s e v e r a l  i n t e r e s t i n g  
p o in t s  can be made. F i r s t l y ,  the a c t i v i t y  o f  ovine CTL's was 
d e t e c t a b l e  i n i t i a l l y  around day 8 pi  o f  v i r u s .  This  
corresponds with a major f a l l  in the l e v e l  o f  viraemia and the 
return o f  temperatures to normal (chapter  3, F ig .  3a ) .  The 
p i c tu r e  i s  s i m i l a r  in mice with the reduct ion  in viraemia in 
these  animals (Table 4c) occurring  at the same time as the 
d e t e c t i o n  o f  anti-BTV CTL a c t i v i t y .  Thus i t  i s  p o s s i b l e  that  
in a primary BTV i n f e c t i o n  CTL's ac t  at  t h i s  ea r ly  s ta g e  to
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br ing about recovery from a BTV i n f e c t i o n .  However in both  
s p e c i e s  ant ibody as measured by the v i t r o  n e u t r a l i s a t i o n  
t e s t  i s  a l s o  f i r s t  d e t e c t e d  wi th in  2 days o f  t h i s  abrogat ion  
o f  the pyrex ia  and drop in v iraemia (chapter  3 F ig .  3c ) ;  
Ollerman jst _al. ,  1976) .  I t  i s  not t h e r e f o r e  f e a s i b l e  at  t h i s  
s ta g e  to d e f in e  the p r e c i s e  r o le  o f  e i t h e r  n e u t r a l i s i n g  
antibody or CTL a c t i v i t y  in recovery  from a primary BTV 
i n f e c t i o n .
Secondly ,  memory c e l l s  w i l l  have been c rea ted  at  the same 
time as primary ovine  CTL induct ion  and thus on subsequent  
BTV c h a l l e n g e ,  these  memory c e l l s  could r a p id ly  p r o l i f e r a t e  to  
g iv e  high numbers o f  s p e c i f i c  CTL's e a r ly  on in  t h i s  i n f e c t i o n  
and i t  could be t h i s  process  that  i s  r e p o n s ib le  for p r o t e c t i o n  
observed in homologous v iru s  c h a l l e n g e  (Chapter 3 exp.  ( a ) ) .  
T h ir d ly ,  i f ,  as in the murine system a proport ion  o f  the BTV 
induced CTL's are c r o s s - r e a c t i v e ,  a c h a l l e n g e  with a second  
BTV type would i n c re a s e  further  the number o f  these  c e l l s  and 
hence the a b i l i t y  o f  sheep to withstand  a th ird  BTV c h a l l e n g e .
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CHAPTER FIVE
OTHER IMMUNE MECHANISMS; ANTIBODY DEPENDENT CELL-MEDIATED 
CYTOTOXICITY AND INTERFERON
a) Antibody Dependent C e l l -m ed ia ted  c y t o t o x i c i t y  (ADCC) 
I n tro d u c t io n
ADCC occurs when an e f f e c t o r  c e l l ,  equipped with an Fc 
r e ce p tor  binds through an antibody  molecule  to  v i r u s  ant igen  
on i n f e c t e d  c e l l s  (Maclennan,  1972) .  Although the f i r s t  in 
v i t r o  demonstration o f  ADCC was reported  ten years ago (Bloom 
and Rager-Zisman, 1975) and as an v i t r o  phenomenom 
descr ibed  to occur with a great  number o f  d i f f e r e n t  v iru s  
i n f e c t e d  c e l l s  i t  Is only r e c e n t ly  that  an JLn v i v o  r o l e  for  
ADCC has been c l e a r l y  shown us ing  adopt ive  t r a n s f e r  o f  
xenogeneic c e l l s  in mice (Kohl and Loo, 1982) .
This form o f  c y t o t o x i c i t y  i s  e x q u i s i t e l y  s e n s i t i v e  in v i t r o  
and requ ires  only very low l e v e l s  o f  ant ibody ,  o f t e n  one or 
more orders o f  magnitude l e s s  than that  required to mediate  
ant ibody complement l y s i s  or v iru s  n e u t r a l i s a t i o n  (Shore £t. 
a l . ,  1974) .  Consequently ADCC i s  important e s p e c i a l l y  e a r ly  in 
recovery  when l e v e l s  o f  ant ibody are low (Rouse and Babiuk,
1978) .
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Complement has been shown to enhance ADCC (Rouse e t  a l . ,  
1977) and t h i s  i s  p a r t i c u l a r l y  e f f e c t i v e  at  l im i t in g  
c o n d i t i o n s ,  such as low e f f e c t o r  to t a r g e t  c e l l  r a t i o s ,  low 
ant ibody c o n c e n t r a t io n s  and short  term assays  (Rouse e t  a l . ,  
1977) .  Furthermore,  IgM ant ib ody ,  the e a r l i e s t  form o f  
ant ibody  to  appear a f t e r  i n f e c t i o n  but which cannot mediate  
ADCC, can p a r t i c i p a t e  in ADCC complement f a c i l i t a t e d  
r e a c t i o n s .  Thus t h i s  form o f  de fence  mechanism could a l s o  be 
important e a r ly  in recovery  when the predominant ant ibody  i s  
IgM, l e v e l s  o f  ant ibody  are low and e f f e c t o r  c e l l s  are few.
The work in t h i s  s e c t i o n  examines the p o s s i b l e  r o l e  o f  ADCC 
in BTV i n f e c t i o n s  in mice,  sheep and c a t t l e .
Resu I t s
Using a v a r i e t y  o f  e f f e c t o r  c e l l s ,  t a r g e t  c e l l s  and sera  no 
s i g n i f i c a n t  ADCC l y s i s  was d e t e c t e d  (Table 5a ) .  The a d d i t io n  
o f  complement to  the system a l s o  f a i l e d  to  cause l y s i s  o f  BTV 
i n f e c t e d  t a rg e t  c e l l s .  Because o f  t h i s  i n a b i l i t y  to  d e t e c t  
ADCC i t  was decided that  the t e c h n i c a l  a s p e c t s  o f  the assay  
should be t e s t e d  by u s in g  a v i r u s  system which had been shown 
p r e v io u s l y  to g iv e  good l e v e l s  o f  ADCC a c t i v i t y  (Wardley e_t 
a l . ,  1976) .  Bovine udder macrophages and buf fy  coat  c e l l s  
which had p r e v io u s l y  f a i l e d  to k i l l  BTV i n f e c t e d  GBK c e l l s  
gave s i g n i f i c a n t  l y s i s  a g a in s t  GBK c e l l s  i n f e c t e d  with IBR 
v i r u s  (Table 5b) .  The l e v e l  o f  t h i s  l y s i s  and the k i n e t i c s  o f  
i t s  development were s i m i l a r  to  those observed p r e v io u s ly  
a g a in s t  other herpes
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Table 5a: Development in c a t t l e  and sheep o f  ADCC a g a in s t  BTV 
i n f e c t e d  c e l l s  as measured by a chromium r e l e a s e  assay  
E f f e c t o r  ta r g e t  c e l l s  assay  serum0 %specif ic
+ i n f e c t i n g  time l y s i s
v i r u s  (h r s )
a)Bovines
Udder macrophages GBK + BTV4 7 murine antiBTV4 0
Udder macrophages GBK + BTV4 7 bovine  antiBTV4 0
PBL's I GBK + BTV4 7 bovine  antiBTV4 0
Udder macrophages GBK + BTV4 2 bovine  antiBTV4
+ complement6 0
Udder macrophages GBK + BTV4 7 bovine  antiBTV4
+ complement 0
b )0 v in e
Udder macrophages GBK + BTV4 7 ov ine  antiBTV4 0
PBL's GBK + BTV4 7 ovine  antiBTV4 0
PBL's LFK + BTV4 7 ov ine  antiBTV4 0
PBL's LFK + BTV4 7 ov ine  antiBTV3 0
PBL's LFK + BTV3 7 ovine  antiBTV3 0
PBL's LT + BTV3 7 ovine  antiBTV3 0
PBL's LT + BTV4 7 ov ine  antiBTV3 0
Udder neutrophiIs LFK + BTV3 7 ovine  antiBTV3 0
Udder n eutrophiIs LFK + BTV3 18 ov ine  antiBTV3 3
Udder neu t ro p h iI s LFK + BTV3 24 ovine  antiBTV3 2 .6
Udder neutrophiIs LFK + BTV3 36 ov ine  antiBTV3 1.7
3
E f f e c t o r  to ta r g e t  c e l l  r a t i o  100:1.  % s p e c i f i c  l y s i s
obtained from a minimum o f  6 w e l l  d u p l i c a t e s
b . . .
GBK- Georgia bovine kidney c e l l s ;  LFK- primary lamb f o e t a l
kidney c e l l s ;  LT- primary lamb t e s t i s  c e l l s  
c
Serum t e s t e d  at three di  l u t i o n s : - n e a t , 1 /50 ,  1/500  
d .
PBL s -  p e r ip h e ra l  blood leu kocytes
0
50 1^1 o f  a 1/4 d i l u t i o n  o f  fresh  guinea  pig complement added 
to each wel l  c o n t a in in g  t e s t  serum
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Table 5b: Development in c a t t l e  o f  ADCC a g a i n s t  IBR i n f e c t e d  
c e l l s  as measured by a chromium r e l e a s e  a s s a y 3
E f f e c t o r  c e l l s
+
t a r g e t s  cells** 
i n f e c t i n g  v i ru s
Serum t i t r e 0 % s p e c i f i c  
lys  i s
Udder macrophages GBK 1/50 2 .3
Udder macrophages GBK + IBR 1/50 62
Udder macrophages GBK + IBR 1/500 14
PBL'sd GBK + IBR 1/50 60
a b . d m , ,, , and as Tab le  5a
mouse antilBR serum. 
Assay time 7 hours
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v i r u s e s  (Kohl £ t  a l .  , 1979; Rouse e t  a l . ,  1976b) .  These
r e s u l t s  (Table 5b) i n d i c a t e  the t e c h n i c a l  a b i l i t y  to  perform 
the t e s t  and the adequacy o f  the e f f e c t o r  c e l l  p o p u la t io n .  The 
reason for the lack o f  a c t i v i t y  in the BTV system could  
t h e r e f o r e  be a property  o f  the t a rg e t  c e l l .  Thus to confirm  
that  the BTV an t ig e n s  were be ing  presented  on the ta r g e t  c e l l  
su r fac e  at  the time at  which they were be ing  used in the ADCC 
assays  and in a form recogn ised  by the ant ibody ,  an ELISA 
system was used to measure c e l l  s ur face  a n t ig e n .  Serum from 
sheep pr ior  to and 40 days a f t e r  i n o c u l a t i o n  o f  BTV gave  
s i m i l a r  o p t i c a l  d e n s i t y  readings (mean va lue s  0 .31  and 0 .3 3  nm 
r e s p e c t i v e l y )  when reacted  with u n in f e c t e d  GBK c e l l s ,  but ,  
when BTV i n f e c t e d  GBK c e l l s  were used ,  0 day sera  gave  
readings o f  0.30nm whereas p o s t - i n o c u l a t i o n  sera  gave readings  
o f  0.55nm. This  i n d i c a t e s  that  s p e c i f i c  sheep anti-BTV 
ant ibody present  in the 40 day p i  serum, was a t t a c h i n g  to  
i n f e c t e d  c e l l s  and that  the f a i l u r e  to d e t e c t  ADCC a g a in s t  BTV 
was not due to lack o f  p r e s e n t a t io n  o f  v iru s  or v i r a l  a n t ige n s  
on c e l l  s u r f a c e s .
Although i t  has been shown that  c e r t a i n  c l a s s e s  o f  ant ibody  
are unable to mediate ADCC (Rouse and Babiuk, 1978) the sera  
examined (Table 5a) inc luded  samples from animals at  var ious  
t imes during a BTV i n f e c t i o n  and should thus have been 
expected to conta in  the immunoglobulin c l a s s e s  able  to mediate  
ADCC.
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Fig .  5a: Development o f  ADCC a g a i n s t  IBR i n f e c t e d  c e l l s  u s ing  
a chromium r e l e a s e  a s say .
(a)  X s p e c i f i c  l y s i s  obta ined  us ing  var ious  anti-IBR sera  
d i l u t i o n s  and at  var ious  e f f e c t o r  to  ta r g e t  c e l l  r a t i o s .  
E f f e c t o r  c e l l s -  bovine  udder macrophages; target  c e l l s -  GBK 
c e l l s  i n f e c t e d  24 hours p r e v io u s l y  with IBR. 7 hour assay  
t im e .
(b)  X s p e c i f i c  l y s i s  obta ined  u s in g  a v a r i e t y  o f  assay t im e s .
jyL.    .jy: I n f e c t e d  ta r g e t s
# ........................0  U n in fec ted  targe t s
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D i s c u s s i o n
Attempts to demonstrate ADCC f o l l o w i n g  BTV i n f e c t i o n  in  
mice,  sheep and c a t t l e  c o n s i s t e n t l y  f a i l e d .  The reason for  
t h i s  i s  not e n t i r e l y  apparent as the t e c h n i c a l  a s p e c ts  o f  the  
assay were checked in an IBR system. I t  thus appears most 
u n l i k e l y  that  the f u n c t io n a l  e lements  o f  t h i s  t e s t  were in any 
way d e f e c t i v e .  T h ere fore ,  e i t h e r  the parameters  d e sc r ib e d  for  
ADCC in other  systems are e n t i r e l y  d i f f e r e n t ,  or t h i s  method 
o f  v iru s  c o n t r o l  i s  not o p e r a t i v e  in BTV i n f e c t e d  an imals .  
D e s c r ip t i o n s  o f  ADCC assays  c e r t a i n l y  r e l a t e  that  a very wide 
number o f  c e l l  types are capable  o f  e f f e c t i n g  l y s i s  (Rouse ejt 
a l . , 1976a; Zighelboim e_t jaJ.. , 1973) and that  d i f f e r e n t  
antibody c l a s s e s  and s u b c l a s s e s  are invo lved (Rouse and 
Babiuk, 1978) .  However, the e f f e c t o r  c e l l  popu la t ion s  that  
were used should have contained  any putative; e f f e c t o r  c e l l  and 
the wide range o f  anti-BTV sera  t e s t e d  would again be l i k e l y  
to have contained  any f u n c t i o n a l l y  a c t i v e  ant ib ody .  The ELISA 
t e s t  further  s u b s t a n t i a t e s  the r e a c t i v i t y  o f  the antibody  
p opu la t ion s  which should then a l low  e f f e c t o r  c e l l s  to  ly se  BTV 
i n f e c t e d  t a r g e t s .
By ac c ep t in g  the f u n c t io n a l  i n t e g r i t y  o f  the sys tem the 
only p o s s i b l e  c o n c lu s io n  i s  that  ADCC does not operate  in BTV 
i n f e c t i o n s .  The reasons  for t h i s  are not c l e a r  but are most 
l i k e l y  to hinge on the immunological ly  s p e c i f i c  part o f  the 
r e a c t io n  ie  the b inding  o f  the anti-BTV ant ibody to the 
i n f e c t e d  c e l l s .  I t  would appear that  an element o f  t h i s  
r e a c t io n  i s  miss ing and hence the t r i g g e r i n g  o f  the l y t i c
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event  does not occur .  Two further  p o s s i b i l i t i e s  e x i s t  which 
need i n v e s t i g a t i o n .  I t  may be that  BTV i n f e c t e d  c e l l s  show 
increased  Fc r e ce p tor  p roduct ion ,  as has been de sc r ibe d  in 
other  systems (Adler et  ^ £ l . ,  1978) and that  these  re ce p tor s  
'mop' up the Fc o f  the antibody  and hence prevent i t  from 
r e a c t in g  with the e f f e c t o r  c e l l s .  I t  i s  a l s o  p o s s i b l e  that  the 
m u l t i p l i c a t i o n  o f  BTV in r e t i c u l e n d o t h e l i a l  c e l l s  a f f e c t s  
t h e i r  function  as ADCC mediat ing e f f e c t o r s .  This could be 
t e s t e d  by measuring t h e i r  a c t i v i t y  to another v i r u s  during a 
BTV i n f e c t i o n .
The fac t  that  no ADCC a c t i v i t y  could be found to BTV 
i n f e c t e d  c e l l s  i s  contary  to a l l  other reported v iru s  systems  
(Rouse and Babiuk, 1978) .  I f  indeed BTV i s  unique in t h i s  
r e s p e c t  how might i t  a f f e c t  the course  o f  the i n f e c t i o n ?  The 
importance o f  the mechanism r e s i d e s  in the f a c t  that  only  
small  amounts o f  antibody  are required to t r i g g e r  i t  and thus  
ADCC has the p o t e n t i a l  o f  d e s t r o y i n g  c e l l s  be fore  v i r u s  
maturation i s  complete .  The pat te r n  o f  BTV r e p l i c a t i o n  in i t s  
host  i s  not d i s s i m i l a r  to many other v i r u s e s  which would argue  
a g a in s t  a v i t a l  r o le  for ADCC in v i r a l  i n f e c t i o n s .  On 
o c c a s io n s  however, v i r u s  p e r s i s t s  at low l e v e l s  in the blood  
o f  i n f e c t e d  animals (Luedke £ £  a_l. , 1983) and i t  may be t h i s  
d e f i c i t  in removing i n t r a c e l l u l a r  v i ru s  which c o n t r i b u t e s  to  
t h i s  phenomenom.
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b) I n du ct ion  o f  i n t e r f e r o n  and ji study o f  i t s  in  v i v o  a n t i ­
v i r a l  a c t i v i t y  a g a i n s t  BTV
In tr o d u c t io n
Of the many immunologica l ly  n o n - s p e c i f i c  substances  
invo lv ed  in a n t i - v i r a l  immunity, i n t e r f e r o n  has r e c e iv e d  the 
most a t t e n t i o n .  Soon a f t e r  i t s  d i s c o v e r y  in the l a t e  f i f t i e s  
by I s s a c s  and Linden man ( 1957) ,  c o n s id e r a b l e  data  was 
assembled i n d i c a t i n g  i t s  r o le  in recovery  from v iru s  
i n f e c t i o n s .  Agents c o n t a in in g  ds RNA are reported  to be among 
the most potent  inducers o f  i n t e r f e r o n  (Dubovi and Akers,
1971; Grossberg ,  1972; T y t e l l  et  ^ a l . , 1967) both _in v i t r o  and 
in v i v o .  These inc lude  members o f  the r e o v ir u s  fam i ly ,  
e s p e c i a l l y  BTV (Jameson e_t £l_. , 1978) .  The a b i l i t y  o f  BTV to  
induce i n t e r f e r o n  has been s tu d ie d  in mice (Jameson e t  a l . ,  
1978) and a number o f  c e l l  l i n e s  (Fu l ton  and Pearson,  1982) ,  
al though  there are no repor ts  on the s u s c e p t i b i l i t y  o f  BTV to  
i n t e r f e r o n  or whether sheep and c a t t l e  i n f e c t e d  wi th  BTV 
produce i n t e r f e r o n .  These qu e s t io n s  are p e r t i n e n t  when t ry ing  
to  a s c r i b e  a ro le  for i n t e r f e r o n  during a BTV i n f e c t i o n  and 
t h i s  s e c t i o n  d e a l s  with t h i s  a spec t  o f  the ruminants response  
to  BTV.
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Resu I t s
a) Induct ion o f  i n t e r f e r o n  in BHK c e l l s
The ad d i t io n  o f  BTV4 to  GBK c e l l s  r e s u l t e d  in a c e l l  
produced a n t i - v i r a l  substance  whose p r o p e r t i e s  can be seen in 
Table 5c .  The f o l lo w in g  r e s u l t s  would i n d i c a t e  t h i s  substance  
to  be a i n t e r f e r o n  (McNeil ,  1981) .
a) I t  was not i n a c t i v a t e d  by treatment at  pH 2 ( s e e  m a te r ia l s  
and methods)
b) I t  d i s p la y e d  a n t i - v i r a l  a c t i v i t y  a g a in s t  unr e la te d  v i r u s e s  
i . e .  VSV and aphtho v i r u s .
c) I t s  a c t i v i t y  was i n h i b i t e d  by i n c u b a t i o n  w i th  t r y p s i n  fo r  
one hour  a t  37°C.
d) I t s  a c t i v i t y  was i n h i b i t e d  by pretreatment  o f  the c e l l s  
with  5^ig/ml o f  act inomycin  D for one hour at  37°C.
b) Anti-BTV a c t i v i t y
No a n t i - v i r a l  a c t i v i t y  o f  t h i s  preparation  could be 
demonstrated a g a i n s t  BTV, a lthough both VSV and aphtho v i r u s  
were i n h i b i t e d  by the a d d i t io n  o f  t h i s  BTV induced i n t e r f e r o n  
( Tab 1e 5 c ) .
c ) BTV in d u c t ion  o f  i n t e r f e r o n  in sheep and c a t t l e
In an attempt to measure the induct ion  o f  i n t e r f e r o n  in 
sheep and c a t t l e  f o l l o w in g  the i n o c u la t i o n  of'BTV, serum was 
c o l l e c t e d  from animals  hour ly ,  for 24 hours and then twice  
d a i l y  for ten days .  The a n t i - v i r a l  a c t i v i t y  o f  the serum was
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Table 5c: C h a r a c t e r i s a t i o n  and a n t i v i r a l  a c t i v i t y  o f  BHK 
grown, BTV induced i n t e r f e r o n .
Virus
-1 -2
v ir u s  d i l u t i o n  
- 3  - 4
(1O810)
-5 -6 -7
VSV ( a l o n e ) 3 + + + + 27b 3 0
VSV + i n t e r f e r o n 0 + + 42 4 0 0 0
% reduct ion 0% 0 % - 97% 100% 100% -
I n t e r f e r o n  (a lo n e ) 0 0 0 0 0 0 0
VSV+interferon
+ try p s in + + + 97 30 2 0
% reduct ion 0 0 0 13% 0% 33% -
VSV+interferon
+ac t in .D + + + + 34 4 0
% reduct ion 0% 0% 0% 0% 0% 0% 0%
Aphtho v iru s^
( a lo n e ) + + + 200 14 2 0
Aphtho v i r u s  +
i n t e r f e r o n + 50 0 0 0 0 0
% reduct ion 0% - 100% 100% 100% 100% 0%
BTV4 ( a lo n e ) + + + 112 22 1 0
BTV4 + i n t e r f e r o n + + + 120 28 3 0
% reduct ion 0% 0% 0% 0% 0% 0% 0%
3 •V e s i c u la r  s t o m a t i t i s  v iru s  (Ind iana  s t r a i n ) .
Number o f  plaques per w e l l .  T yp ica l  r e s u l t s  o f  experiments  
repeated on at  l e a s t  2 o c c a s i o n s .  Means o f  minimum o f  4 w e l l  
per d i l u t i o n .  + = too many piques  presen t  per w e l l  to  count  
separately
I n t e r f e r o n  d i l u t e d  1/20
d o
I n t e r f e r o n  incubated for 1 hr.  at  37 C with  500ug/ml t ry p s in  
b e f o r e  use
6 C e l l s  p r e tr e a ted  with 5pg/ml o f  act inomycin  D for 1 hr.  at
37°C be fore  the a d d i t io n  o f  i n t e r f e r o n  
f
Aphtho v iru s  ( type  0)
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assayed u s ing  the VSV plaque reduct ion  system. On occ a s io n s  
serum was t e s t e d  on the same day and at  other  t imes s tored  at  
-70°C b e fore  use .  At no time could any a n t i - v i r a l  a c t i v i t y  be 
d e t e c t e d .
D i s c u s s i o n
■ As has been shown by other  workers (Jameson ejt jlL. , 1978)  
BTV was able  to  induce BHK c e l l s  to  produce a substance  with  
a l l  the p r o p e r t i e s  o f  i n t e r f e r o n  when t e s t e d  in c o n v e n t io n a l  
a s s a y s .  However t h i s  substance  was i n e f f e c t i v e  in c u r t a i l i n g  
BTV c y t o p a t h o l o g y . In c o n t r a s t  _in v i v o  BTV did not  appear to  
s t i m u la t e  d e t e c t a b l e  i n t e r f e r o n  product ion .
The l i t e r a t u r e  c on ta in s  many examples o f  the d i f f e r i n g  
s t im u la to r y  p o t e n t i a l  and s u s c e p t a b i l i t y  o f  v i r u s e s  to  
i n t e r f e r o n  (Gresser jet <il. ,  1976; Ho, 1973) .  I n t e r f e r o n  has 
been viewed pr im ari ly  as an a n t i - v i r a l  agent that  a c t i v a t e s  
enzymes which i n t e r f e r e  with v i r a l  r e p l i c a t i o n  in host  c e l l s  
(Lengye l ,  1981) .  In the case  o f  r o t a v i r u s e s  t h e i r  r e l a t i v e  
lack o f  s e n s i t i v i t y  has been ascr ibed  to a lack o f  a c t i v a t i o n  
o f  the c e l l u l a r  enzymes which cause the a n t i - v i r a l  a c t i v i t y  
(La Bonnardiere £ t  £ l . , 1978) .  Recent work has sugges ted  that  
priming o f  c e i l s  _in v i t r o  enhances both the i n te r f e r o n  
inducing p r o p e r t i e s  and susceptibi li ty o f  r o t a v i r u s e s  to  
i n t e r f e r o n  (McKimm-Breschkin and Holmes, 1982) through the 
a c t i v a t i o n  of  2-5a s y n t h e t a s e  and other enzymes. The 
s t r u c t u r a l  s i m i l a r i t y  between BTV and r o t a v i r u s e s  which are
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both dsRNA v i r u s e s  with two v i r i o n  s h e l l s ,  s u g g e s t s  that  such  
s t u d i e s  should perhaps be performed with BTV.
The i n a b i l i t y  to  d e t e c t  i n t e r f e r o n  in the serum o f  BTV 
i n f e c t e d  sheep and c a t t l e  may be due to the extreme l a b i l i t y  
o f  ruminant i n t e r f e r o n  (McNeil ,  1981; Letchworth, personal  
communications) as other  workers have shown in mice,  that  BTV 
w i l l  induce serum i n t e r f e r o n  (Jameson > 1978) .  Further
the importance o f  i n t e r f e r o n  might l i e  beyond i t s  d i r e c t  
e f f e c t  on v i r a l  m u l t i p l i c a t i o n ,  as i n c r e a s i n g  ev id en ce  p o in t s  
to i n t e r f e r o n  as a r e g u la t o r  o f  a m ult i tude  o f  c e l l - m e d i a t e d  
immune responses  (Friedman,  1981) .  In p a r t i c u l a r  i t  augments 
n atura l  k i l l e r  (NK) c e l l  a c t i v i t y  and the reported development  
o f  i n t e r f e r o n  in BTV i n f e c t e d  mice c o r r e l a t e s  w e l l  with the  
pat tern  o f  BTV induced murine NK c e l l  a c t i v i t y  reported  in 
t h i s  t h e s i s  (Chapter 4, Fig 4 a ) .  Further t h i s  corresponds  to  
the short  l iv e d  BTV viraemia pat tern  observed in mice (Chapter  
4,  Table 4 a ) .  I t  could be that  in the mouse, i n t e r f e r o n  i s  
induced fo l lo w in g  the i n o c u la t i o n  o f  BTV and t h i s ,  along with  
c e r t a i n  c e l l - m e d ia t e d  immune mechanisms, in p a r t i c u l a r  NK c e l l  
a c t i v i t y ,  c u r t a i l s  the i n f e c t i o n .  This phenomenom has been 
argued for a number o f  i n f e c t i o n s  both in humans and mice 
(Djeu jet. a l . , 1982; Lanza and Djeu,  1982; Jacobson e_t a l .  , 
1981; S e th i  et^ a_l. , 1983) .  In ruminants the apparent i n a b i l i t y  
o f  BTV to induce ‘ i n t e r f e r o n  may t h e r e f o r e ,  in p a r t ,  be 
r e s p o n s ib l e  for the extended primary i n f e c t i o n s  seen in these  
s p e c i e s .  In c o n t r a s t ,  however, the obse r va t ion  that  the s e r i a l  
i n o c u la t i o n  o f  two BTV types r e s u l t s  in p r o t e c t io n  from 
ch a l l e n g e  with a th ird  type ,  may be p a r t ly  due to the e f f e c t s
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o f  i n t e r f e r o n  produced  by immune T l ym phocy te s ,  induced  d u r i n g  
the p r e v i o u s  e x p o s u re s  to  BTV.
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CHAPTER SIX
PASSIVE PROTECTION; ANTIBODY MEDIATED.
In t r o d u c t io n
When both c a t t l e  and sheep are s e q u e n t i a l l y  in o c u la t e d  w i th  
two BTV types they are p r o tec te d  a g a in s t  c h a l l e n g e  with a
th ird  BTV and t h i s  s e r i a l  i n o c u l a t i o n  o f  two or more BTV types
gave r i s e  to a broad h e t e r o t y p i c  antibody  response  (Chapter  
3 ) .  S im i l a r l y  BTV induces CTL's which in mice at  l e a s t ,  are
capable o f  c r o s s - r e a c t i v e  l y s i s  (Chapter 4 ) .  These
o b s e r v a t io n s  sugges t  that  the broad h e t e r o t y p i c  immunity 
required to p r o t e c t  a g a in s t  a number o f  types may be achieved  
with only one or two BTV i n o c u l a t i o n s  rather  than the 
m u lt i v a le n t  va c c in e s  used at  p r e s e n t .  D e s p i te  these  
o b s e r v a t io n s  however, the r e l a t i v e  importance o f  the antibody  
or T c e l l  re sp on se ,  in terms o f  recovery  and p r o t e c t i o n ,  i s  
s t i l l  u n c l e a r ,  and b e fore  an assessment  can be made o f  how 
such a modif ied vacc in e  might be used i t  i s  f i r s t  necessary  to  
examine the r o l e s  o f  humoral and c e l l u l a r  immunity in 
p r o t e c t io n  and recovery  from b lue ton gue .
The work in t h i s  chapter attempts to e v a lu a te  the r o l e  o f  
humoral immunity by c h a l l e n g i n g  animals which had p r e v io u s l y  
rece ived  anti-BTV serum, co lo s trum  or a monoclonal  ant ib ody .
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Experimental  Design
1) P a s s iv e  antibody  t r a n s f e r  s t u d i e s .  Four animals not  g iven  
immune serum, were in o c u la t e d  wi th  BTV3 to  ac t  as v iru s  
c o n t r o l s  (Group A). Eight  sheep were in oc u la te d  i n t r a -  
p e r i t o n e a l l y  with 300 ml o f  BTV3 immune sera  which had an 
homologous n e u t r a l i s i n g  antibody  t i t r e  o f  1 /180 .  Three days 
l a t e r  four o f  these  animals were cha l lenged  wi th  BTV3 (Group 
B) and four with BTV4 (Group C).
2) Colostrum immunity s t u d i e s .  Twin lambs born to and s u c k l in g  
from a BTV2 immune ewe whose co lostrum  had a n e u t r a l i s i n g  
ant ibody t i t r e  o f  1/30 a g a i n s t  BTV2, were in o c u la te d  wi th  BTV2 
seven days a f t e r  b i r t h .  A lamb from a ewe known not to  have 
exper ienced  BTV i n f e c t i o n  was s i m i l a r l y  in o c u la te d  to  ac t  as a 
v i r a l  c o n t r o l .
3) Monoclonal  ant ibody s t u d i e s .  A murine hybridoma, 6C2A.4.2,  
which produced antibody  that  s p e c i f i c a l l y  n e u t r a l i s e d  BTV17 
(Wyoming s t r a i n ) ,  was grown in the p e r i t o n e a l  c a v i t y  o f  mice 
(Letchworth and Appleton,  1983) .  A s c i t i c  f l u i d  from these  
mice,  having a n e u t r a l i s i n g  ant ibody  t i t r e  o f  1/40 a g a in s t  
BTV117 (Wyoming s t r a i n ) ,  was in o c u la te d  in tr a v e n o u s ly  at  a 
dosage o f  0.03% o f  body weight  i n to  one sheep.  This  animal and 
an un inocu la ted  c o n t r o l  were cha l lenged  s i x  hours l a t e r  with  
BTV17 (Wyoming s t r a i n ) .
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ResuIts
U  P a s s i v e  a n t i b o d y  t r a n s  f e r  s t u d i e s
The i n o c u l a t i o n  o f  BTV3 i n to  the four unimmuftised c o n t r o l  
animals (Group A) produced a p y r e x ia ,  viraemia (Table 6a) and 
n e u t r a l i s i n g  antibody  to  BTV3 ( F i g .  6a)
Three o f  the four animals in o c u la t e d  with BTV3 immune se ra  
and cha l le nged  wi th  BTV3 (Group B ) , deve loped n e i t h e r  pyrex ia  
nor viraemia (Table 6 a ) .  N e u t r a l i s i n g  a n t ib o d ie s  to  BTV3 cou ld  
only be d e t e c t e d  in one o f  t hese  three animals on the day o f  
c h a l l e n g e  and by four days a f t e r  i n o c u l a t i o n  in the other  two 
animals .  T i t r e s  o f  n e u t r a l i s i n g  antibody  then rose only s lo w ly  
in these  three  sheep and remained below those  o f  the c o n t r o l  
animals ( F ig .  6a)
The fourth animal in t h i s  group, number 76, a l though  
immunised i n t r a p e r i t o n e a 1ly with BTV3 immune sera  developed a 
pyrexia and viraemia s i m i l a r  to that  seen in the c o n t r o l s .  
However, in t h i s  animal a n t ib o d ie s  to  BTV3 were not d e t e c t a b l e  
u n t i l  day 10 p . i .  and rose rap id ly  to  reach l e v e l s  s i m i l a r  to  
those in the c o n t r o l .  The f a c t  that  t h i s  animal reacted  in a 
s i m i l a r  manner to the c o n t r o l s  in d ica te d  that  the hyperimmune 
serum may have been i n j e c t e d  in to  the gut lumen and that  the 
animal was not p a s s i v e l y  immunised.
Sheep in o c u la te d  wi th  BTV3 immune serum and cha l lenged  with  
BTV4 (Group C) a l s o  deve loped  a t y p i c a l  viraemia  and pyrex ia  
(Table 6 a ) .  An t ibod ies  to  BTV4 were d e t e c t a b l e  in the four  
animals  by day 10 a f t e r  c h a l l e n g e .  T i t r e s  rose rap id ly  to
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Table 6a: Viraemia l e v e l s  in groups o f  sheep c h a l lenged  with
BTV fo l l o w i n g  p a s s iv e immunisat ion with BTV immune serum
Animal Groups
A B C
Treatment with immune none 300 mis 300mls
serum a n t i  BTV3 a n t i  BTV3
• clVirus c h a l l e n g e BTV 3 BTV3 BTV4
Days post  i n o c u la t i o n
2 0.  9b - v e c - v e
4 4 .2 -v e 1.5
6 4 . 4 - v e 2 .9
8 4 .7 -v e 3 .9
10 4.1 - v e 2 .8
13 1.6 -ve 1 .2
15 2 .3 -v e 0 . 3
19 2 .3 - v e 1 .2
23 2.1 -v e 0 .3
27 0 .3 -v e - v e
30 - v e - v e -v e
IO^TCID^q o f  BTV i n t r a d e r m a l l y .
k Viraemias expressed as log^TCID 50^ml*
Samples from group B t i t r a t e d  wi th  n e g a t iv e  r e s u l t s  in
embryonated eggs .
R e s u l t s  c a l c u l a t e d  as a r i t h m e t i c  means o f  i n d i v id u a l
animals/group
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F i g .  6a The deve lopm ent  o f  n e u t r a l i s i n g  a n t i b o d y  to  BTV3 and
BTV4 fo l l o w i n g  i n o c u l a t i o n  o f  these  v iru s  types i n t o  p a s s i v e l y
immunised animals .
^  X}- N e u t r a l i s i n g  a n t ib o d ie s  to  BTV3, c o n t r o l s  (Group a)
O  o  N e u t r a l i s i n g  a n t ib o d ie s  to  BTV3 f o l l o w i n g  p a s s i v e
immunisation wi th  BTV3 immune serum and c h a l l e n g e  
with  BTV3 (Group b)
-K N e u t r a l i s i n g  a n t ib o d ie s  to BTV3 f o l l o w i n g  p a s s i v e  
immunisation with BTV3 immune serum and c h a l l e n g e
with  BTV4 (Group c)
0  — — — 0  N e u t r a l i s a t i n g  a n t ib o d ie s  to BTV4 fo l l o w i n g  p a s s i v e  
immunisation with BTV3 immune sera  and c h a l l e n g e  
with  BTV4
Time expressed as days post  i n o c u l a t i o n  with BTV. Antibody  
t i t r e  c a l c u l a t e d  from geom etr ic  means o f  r e c i p r o c a l  ^°S^qVN^q 
with 4 animals in each group.
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reach approximately  1/1280 in a l l  four animals ( F ig .  6 a ) .  
Antibodies  a g a i n s t  BTV3 were d e t e c t a b l e  at  low t i t r e s  on the 
day 0 in these  animals ( F i g .  6a) and changed l i t t l e  fo l l o w in g  
the v iru s  c h a l l e n g e .  The animals  were a l s o  examined for the 
a n t ib o d ie s  to a l l  o ther  BTV t y p e s ,  with n e g a t iv e  r e s u l t s .
2) C o l o s t r a l  immunity s t u d i e s
The iamb born to a ewe p r e v io u s l y  unexposed to BTV 
developed a t y p i c a l  viraemia  a f t e r  i n o c u l a t i o n  with  BTV2 
(Table 6b) .  I t  showed a pyrex ia  peaking at  seven days a f t e r  
i n o c u l a t i o n  and was anorexic  and recumbent from seven to  nine  
days fo l lo w in g  i n o c u l a t i o n .  N e u t r a l i s i n g  ant ibody to  BTV2 was 
f i r s t  d e t e c t e d  by day 12 ( F i g .  6b) ,  rose  r a p id ly  and l e v e l l e d  
out at  a t i t r e  o f  around 1 /1 6 0 .  Twin lambs born to a ewe 
p r e v io u s l y  in o c u la te d  with BTV2 did not deve lop a pyrex ia  and 
did not become anorexic  or recumbent. Although viraemia was 
d e t e c t e d  in both lambs i t  was short  l iv e d  and reached only low 
l e v e l s  (Table 6b) .  Colostrum from t h i s  ewe had a n e u t r a l i s i n g  
antibody  t i t r e  to  BTV2 o f  1/30 and n e u t r a l i s i n g  ant ibody to  
BTV2 was d e t e c t e d  in serum from these  lambs at  the time of  
BTV2 c h a l l e n g e  ( F i g .  6b) ;  these  l e v e l s  rose  one or two f o l d ,  
were maintained for approximately  30 d ays ,  and then d e c l i n e d .
3 )_ Monoclonal  ant ibody  s t u d i e s
After  in o c u la t i o n  o f  BTV17 (Wyoming s t r a i n )  i n t o  a sheep  
which had r e ce iv ed  monoclonal ant ib ody ,  the animal developed a
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Table  6b:  V i raem ia  l e v e l s  in lambs f o l l o w i n g  i n o c u l a t i o n  o f
BTV 2
Days post  Animal Number Days post  Animal number
I n o c u l a t i o n 3 64 -^ 65c 81^ I n o c u l a t i o n  64 65 81
0 -v e  -v e
2 - v e  - v e
4 -v e  - v e
5 1 .4 b 1 .0
6 0 . 6  0 . 8
7 2 .0  2 .0
8 0 . 4  0 .6
10 TCIDc-q o f  BTV intraderma 1 ly 
b .
Viraemias expressed as l o g ^ T C I D ^ / m l ; v i ru s  i s o l a t i o n  
c arr ied  out in BHK c e l l s
c . .
Received colos trum  from ewe immunised 2 years p r e v io u s l y
wi th  BTV2
 ^ Received co lostrum from ewe free  from c on tac t  with BTV
- v e
- v e
1 . 8
2 . 0
2 . 2
5 .6
2 . 2
12
14
16
20
24
28
32
-v e
- v e
-ve
-ve
-v e
0 . 2  1 . 8  
- v e  2 .2  
- v e  1 .2  
- v e  0 .8  
- v e  0 . 6
•ve - v e  - v e
■ve - v e  - v e
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Fig .  6b The development o f  n e u t r a l i s i n g  ant ib ody  to  BTV2 
f o l l o w in g  i n o c u l a t i o n  o f  t h i s  v iru s  in to  three lambs.
 N e u t r a l i s i n g  ant ibody t i t r e  to BTV2 in  two lambs
•fe. --------- Q  d e s ig n a te d  64 and 65 and born from BTV2 immune
dam
^  N e u t r a l i s i n g  antibody  t i t r e  to BTV2 in  lambs 
d e s ig n a te d  number 81 and born from a ewe f u l l y  
s u s c e p t i b l e  to  BTV
Time expressed  as days pos t  i n o c u la t i o n  with BTV2
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v i r a e m i a  bu t  no p y r e x i a .  However, the  v i r a e m i a  was o f  s h o r t e r  
d u r a t i o n  and o f  a lower t i t r e  than t h a t  seen  in  the  c o n t r o l  
(T a b le  6 c ) .  A d i f f e r e n c e  was a l s o  seen  in the  a n t i b o d y  
r e s p o n s e  in  t h a t ,  a l t h o u g h  no n e u t r a l i s i n g  a n t i b o d y  was 
d e t e c t e d  a f t e r  a d m i n i s t r a t i o n  o f  the  monoclona l  a n t i b o d y ,  i t  
appeared  fou r  days p r i o r  t o  t h a t  in  the  c o n t r o l s  ( F i g .  6 c ) .
This may have been due to the e a r l i e r  a v a i l a b i l i t y  o f  f ree  
antibody  because o f  the a d d i t i v e  e f f e c t  o f  the p a s s i v e l y  
acquired antibody  with that  a c t i v e l y  induced.  I t  i s  a l s o  
p o s s i b l e  that  p a s s i v e l y  acquired ant ibody and c h a l l e n g e  v i r u s  
formed complexes which then more e f f e c t i v e l y  s t im u la te d  
ant ibody  product ion (Klaus jet a^. , 1980) .
D i s c u s s i o n
From the above r e s u l t s  i t  can be seen  t h a t  p a s s i v e  t r a n s f e r  
o f  BTV immune serum i s  c a p a b l e  o f  a b r o g a t i n g  the  p y r e x i a  and 
v i r a e m i a  t h a t  o c c u r s  f o l l o w i n g  the  i n o c u l a t i o n  o f  BTV i n t o  
a d u l t  s h e ep .  Th is  a n t i b o d y - m e d i a t e d  p r o t e c t i o n  was a l s o  shown 
to  be t y p e - s p e c i f i c  s i n c e  an im als  c h a l l e n g e d  w i t h  a BTV type  
d i f f e r e n t  from t h a t  used  to  r a i s e  the  BTV immune s e r a  showed a 
t y p i c a l  BTV v i r a e m i a  and p y r e x i a .
There are s e v e r a l  p o s s i b l e  ways by which ant ibody  can 
prevent and aid in the recovery from v i r a l  i n f e c t i o n s .  I t  can 
n e u t r a l i s e  e x t r a c e l l u a r  v i r u s  to i n t e r a c t  with complement and 
or c e l l u l a r  components in the l y s i s  o f  v iru s  i n f e c t e d  c e l l s  
(Rager-Zisman and A l l i s o n ,  1973; Rouse and Babiuk,  1978; 
Cooper, 1979; G r i f f i n  and Johnson, 1977) .  The present  s t u d i e s
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Table 6c: Viraemia l e v e l s  in sheep fo l lo w in g  i n o c u l a t i o n  o f  
BTV17 (Wyomortg s t r a i n )
Anima1 
1
Number
2
Animal
1
Number
2
Monoclonal  
Antibody to  
BTV 17
3ml i / v none
Monoclonal  
Antibody to  
BTV 17
3ml i / v none
Days post  
I nocu la t  iona
Days post  
I n o c u la t  ion
0 -ve - v e 8 1.0 2 .8
2 -ve - v e 9 - v e 0 . 4
3 -ve 0 . 4 b 11 - v e - v e
4 -ve 2 .8 13 - v e - v e
5 0 . 4 4 .0 15 -ve - v e
6 1.6 4 .0 17 - v e - v e
7 2.8 3 .0 23 -ve - v e
106TCID50 o f  BTV in traderm al ly
b
Viraemias expressed  as l o g 1()TCID50/ m l ; v i ru s  i s o l a t i o n  
c ar r ie d  out in BHK c e l l s
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F ig .  6c The development o f  n e u t r a l i s i n g  ant ib ody  f o l l o w i n g  the  
i n o c u l a t i o n  o f  BTV17 (Wyoming s t r a i n )  i n t o  sheep
Q ” 1 ...-jjL N e u t r a l i s i n g  antibody  t i t r e  in a sheep r e c e i v i n g  3ml
o f  a monoclonal  ant ibody  a g a i n s t  BTV p r i o r  to  the  
i n o c u l a t i o n  o f  BTV17
0 —— — — — 0  N e u t r a l i s i n g  ant ibody  t i t r e  in a sheep not  r e c e i v i n g  
ant ibody  pr ior  to the i n o c u l a t i o n  o f  BTV17
Time expressed as days pos t  i n o c u l a t i o n  with BTV17 (Wyoming 
s t r a i n )
have s i m i l a r i t i e s  to the s i t u a t i o n  which a r i s e s  a f t e r  an 
animal has recovered from a primary i n f e c t i o n  and i s  
subsequent ly  c h a l l e n g e d .  However, in p a s s i v e l y  immunised 
animals there are no anti-BTV memory c e l l s  and hence i t  should  
be p o s s i b l e  to  d e l i n e a t e  more a c c u r a te ly  the r o le  which 
a n t ib o d ie s  play in p r o t e c t i o n .
In BTV i n f e c t i o n s  other  s t u d i e s  have in d ic a te d  that  a f t e r  
entry  primary v i r u s  r e p l i c a t i o n  occurs in the l o c a l  dr a in in g  
lymph node fo l lowed by d i s s e m in a t i o n  through the blood and a 
second phase o f  g e n e r a l i s e d  v iru s  r e p l i c a t i o n  which appears  
r e s p o n s ib l e  for the rapid i n c re a s e  in viraemia l e v e l s  (Lawman 
1979) .
P a s s i v e l y  admin is tered  ant ibody  could ac t  by n e u t r a l i s i n g  
i n oc u la te d  v irus  and prevent ing  the f i r s t  r e p l i c a t i o n  c y c l e  or 
l y s e  v i r u s - i n f e c t e d  c e l l s  at  the primary r e p l i c a t i o n  s i t e .  I f  
p a s s i v e l y  acquired ant ibody did not ac t  s u c c e s s f u l l y  in 
reducing v iru s  t i t r e s  at  t h i s  i n i t i a l  s t a g e ,  i t  i s  u n l i k e l y  
that  i t  would have a s i g n i f i c a n t  e f f e c t  l a t e r .  Thus in the 
f i r s t  experiments  i t  would appear that in the p a s s i v e l y  
immunised adul t  sheep,  v i r u s  was e i t h e r  prevented from 
e n t e r i n g  the l o c a l  lymph node in an i n f e c t i o u s  s t a t e  or i t s  
r e p l i c a t i o n  was e f f e c t i v e l y  c u r t a i l e d  a t  that  p o i n t .  However, 
in the lambs c l i n i c a l  s ig n s  became e v id en t  i n d i c a t i n g  that  the  
c o l o s t r a l l y  der ived  ant ibody was i n s u f f i c i e n t  to n e u t r a l i s e  
the c h a l l e n g e  v i r u s .  I t  would thus seem u n l i k e l y  that  the 
lower l e v e l s  o f  ant ibody  obta ined a f t e r  the i n t r a p e r i t o n e a l
p a s s iv e  t r a n s f e r  o f  immune serum in  the adu l t  sheep was 
capable  o f  n e u t r a l i s i n g  the v i r u s .  So what r o l e  could other
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f a c t o r s  be playing? The immaturity o f  the lambs may mean that  
v ir u s  i s  able  to  m u l t ip ly  more e f f e c t i v e l y  in c e l l s  o f  the 
r e t i c u l o - e n d o t h e l i a 1 system compared to the adu l t  and hence  
even though more ant ibody  i s  presen t  i t  i s  not s u f f i c i e n t  to  
prevent  a v iraem ia .  I t  i s  a l s o  l i k e l y  that  n e u t r a l i s i n g  
a n t ib o d ie s  are not the only anti-BTV a n t ib o d ie s  r e s p o n s ib l e  
for the c u r ta i lm e n t  o f  v iru s  m u l t i p l i c a t i o n .  The ewe to  which 
the BTV c ha l lenged  lambs were born had recovered from a BTV 
i n f e c t i o n  some 2 years  p r e v i o u s l y ,  whereas the antibody used 
in the p a s s iv e  t r a n s f e r  came from sheep which had been 
i n f e c t e d  two months p r e v i o u s l y .  I t  could be that  the anti-BTV 
a n t ib o d ie s  o f  these  sera  were f u n c t i o n a l l y  d i f f e r e n t  and that  
an important p r o t e c t i v e  popu la t ion  i s  r e l a t i v e l y  short  l iv e d  
and hence was not t ra n s f e r r e d  in the co lo s trum .  I t  i s  a l s o  
p o s s i b l e  that  ant ibody absorpt io n  through the gut  i s  s e l e c t i v e  
(Brambell 1970) and that  the important ant ibody  popu la t ion  
does not reach p r o t e c t i v e  l e v e l s  w i th in  the lamb's serum.
Whatever the e x p l a n a t i o n ,  there i s  l i t t l e  c o r r e l a t i o n  
between the jin v i t r o  v i r u s  n e u t r a l i s a t i o n  t i t r e s  and 
p r o t e c t i o n .  Other s t u d i e s  ( N e i t z ,  1948; Osburn e_t a_l. , 1978)  
have examined p a s s i v e  t r a n s f e r  o f  BTV antibody in  f o e t a l  and 
neonata l  lambs. N e i t z  (1948)  showed that  immune colostrum  
would prevent the c l i n i c a l  response  to BTV i n o c u l a t i o n  in 4 to  
8 day old lambs but he did not examine viraemia or ant ibody  
l e v e l s .  Osburn, Sawyer, Moe and Cordy (1978)  found that  
p a s s iv e  immunisation o f  f o e t u s e s  f a i l e d  to p r o t e c t  a ga in s t  
i n t r a u t e r i n e  c h a l l e n g e ;  in one foe tu s  v i r u s  was presen t  and in 
a l l  ca ses  l e s i o n s  a s s o c i a t e d  wi th  BTV were found in the brain
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t i s s u e s .  Evidence from other  arbovirus  i n f e c t i o n s  a l s o  shows 
that  there i s  a poor c o r r e l a t i o n  between serum n e u t r a l i s a t i o n  
l e v e l s  and p r o t e c t i o n  and i t  has been sugges ted  that  antibody  
dependent c e l l  mediated c y t o t o x i c i t y  may be the mechanism 
through which ant ibody  a c t s  to  reduce v i r u s  l e v e l s  ( G r i f f i n  
and Johnson, 1977; Mathews and Roehrig ,  1982; Schmaljohn e t^ 
a 1 . ,  1982) .  However i t  has not been p o s s i b l e  to  d e t e c t  such a 
mechanism a c t i n g  a g a i n s t  BTV i n f e c t e d  c e l l s  (Chapter 5 ) .
The i n a b i l i t y  to  d e t e c t  n e u t r a l i s i n g  ant ibody  in sheep for  
s i x  days a f t e r  i n o c u l a t i o n  o f  monoclonal  ant ibody  may r e f l e c t  
the i n s e n s i t i v i t y  o f  the in v i t r o  assay  as  in other  systems i t  
has been found t h a t ,  because  o f  the high s p e c i f c i t y  o f  
monoclonal  a n t ib o d ie s  a g a in s t  c r i t i c a l  n e u t r a l i s a t i o n  s i t e s  
only  low l e v e l s  are needed to a f ford  p r o t e c t i o n  (Mathews and 
Roehrig ,  1982) .  Other work us ing  t h i s  monoclonal (Letchworth  
and Appleton,  1982) a l s o  demonstrated p r o t e c t i o n  a g a in s t  BTV 
in both mice and sheep,  but  again only low l e v e l s  o f  
n e u t r a l i s i n g  ant ibody deve loped .
These experiments  i n d i c a t e  that  BTV antibody  has a v i t a l  
r o le  to play in p r o t e c t i o n  and recovery  from bluetongue  but  
that  n e u t r a l i s a t i o n  of  v i r u s  by ant ibody  as measured in  v i t r o  
may not be the process  whereby ant ibody  p r o t e c t s  _in v i v o .
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CHAPTER SEVEN
PASSIVE PROTECTION; CELL-MEDIATED.
I n tro d u c t io n
Although p a s s iv e  ant ibody t r a n s f e r  techn iq ues  have g iven  a 
c l e a r e r  understanding of  the r o le  o f  humoral immunity in 
prevent ion  from r e - i n f e c t i o n ,  s i m i l a r  approaches concerned 
with the r o le  o f  c e l l u l a r  components have been l im ited  by the  
need to t r a n s f e r  syngene ic  lymphocytes .  Work in laboratory  
rodents  has r e a d i l y  demonstrated the importance o f  c e l l u l a r  
mechanisms but s i m i l a r  approaches has been r e s t r i c t e d  in other  
animals (Emery, 1981) by the a v a i l a b i l i t y  o f  major 
h i s t o c o m p a t i b i l i t y  complex (MHC) compatable donors and 
r e c i p i e n t s .  Lack of  mutual r e a c t i v i t y  between l e u c o c y t e s  from 
chimeric  bovine c o - tw in s  enabled s t u d i e s  on c e l l u l a r  immunity 
in T h e i l e r i a  Parva i n f e c t i o n s  to be conducted (Emery, 1981;  
Emery and McCullagh, 1980) and the re ce nt  a v a i l a b i l i t y  o f  
ov ine  monozygotic twins ( W il lad se n ,  1979; Will iams jet a 1 . ,  
1982) o f f e r  a method for the further  study o f  c e l l - m e d ia t e d  
immunity in domestic  animal v i r a l  i n f e c t i o n s .
In an attempt to c l a r i f y  the p o s i t i o n  further and examine 
in more d e t a i l  the ro le  of  c e l l - m e d i a t e d  immunity in BTV 
i n f e c t i o n s ,  monozygotic animals were used in c e l l u l a r  adopt ive
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t r a n s f e r  experiments  in v o lv in g  th o r a c ic  duct lymphocytes.
Experimental  d e s i g n .
The demonstrat ion  that  peak ov ine CTL a c t i v i t y  occurred 14 
days pi o f  BTV (chapter  4) i n d i c a t e d  that  t h i s  would most 
l i k e l y  be the time at which a t r a n s f e r r e d  TDL pop u la t ion  would 
g iv e  the maximal p r o t e c t i v e  e f f e c t .  Hence the f i r s t  
exper iment,  us ing  h a l f  the a v a i l a b l e  monozygotic animals ,  was 
c a r r i e d  out with the c e l l  from the donor animals t r a n s fe r re d  
at  14 days pi  with BTV.
1) Adoptive t r a n s f e r  o f  TDL's, 14 days a f t e r  i n o c u l a t i o n  o f  
the donor with BTV; homologous v i r u s  c h a l l e n g e .
Three sheep ( th e  donors) were inoc u la te d  wi th  BTV3 and 14 
days l a t e r  the th o r a c ic  duct  o f  each animal cannulated and 
approximately 1 l i t r e  o f  th o r a c ic  duct f l u i d  c o l l e c t e d .  A f ter  
se p ar a t in g  and washing,  the c e l l s  were in oc u la te d  
in tr a v e n o u s ly  in to  the other  monozygotic twin ,  the r e c i p i e n t .  
Twelve hours l a t e r  the r e c i p i e n t s  were c h a l lenged  with  BTV3. A 
c o n t r o l  sheep,  not inocu la ted  with BTV was s i m i l a r l y  
c annula ted ,  th o r a c ic  duct  f l u i d  c o l l e c t e d  and the TDL's 
in oc u la te d  in to  i t s  monozygotic twin.  This animal was a l s o  
cha l lenged  12 hour l a t e r  with  BTV3
2) Adoptive t r a n s f e r  o f  TDL's, 7 days a f t e r  the i n o c u la t i o n  o f  
the donor with BTV; homologous v i r u s  c h a l l e n g e .
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The donor was Inoculated wi th  BTV3 and 7 days l a t e r  the  
thorac ic  duct c annula ted ,  1 l i t r e  o f  f l u i d  c o l l e c t e d ,  the  
c e l l s  s e p ar a te d ,  washed and then t r a n s fe r re d  to the r e c i p i e n t .  
Twelve hours l a t e r  the r e c i p i e n t  was cha l le nged  with BTV3.
3) Adoptive t r a n s f e r  o f  a T c e l l  enr iched popu la t ion  o f  TDL's,  
14 days a f t e r  i n o c u l a t i o n  o f  the donor with BTV; homologous 
v iru s  c h a l l e n g e .
The donor was inoc u la te d  wi th  BTV3 and 14 days l a t e r  the  
thorac ic  duct  cannulated  and the th o r a c ic  duct  f l u i d  
c o l l e c t e d .  The c e l l s  were s e p a r a te d ,  washed and a f t e r  
'panning'  us ing  a n t i - s h e e p  IgG coated  p l a t e s ,  to  T c e l l  e n r ic h  
the TDL p o p u la t io n ,  th e se  c e l l s  were in o c u la te d  i n to  the the 
r e c i p i e n t .  Twelve hours l a t e r  i t  was cha l lenged  with BTV3.
4) Adopt ive  t r a n s f e r  o f  TDL's ,  14 days a f t e r  the  i n o c u l a t i o n  
o f  the  donor  wi th  BTV; h e t e r o l o g o u s  v i r u s  c h a l l e n g e .
The donor was inoc u la te d  with BTV3. Fourteen days l a t e r  the  
th o r a c ic  duct was c annula ted ,  approximately  1 l i t r e  o f  f l u i d  
c o l l e c t e d  and the c e l l s  separated  and washed pr ior  to  
i n o c u la t i o n  in to  the r e c i p i e n t .  Twelve hours l a t e r  the 
r e c i p i e n t  was inocula ted  with BTV4. The r e c i p i e n t  in t h i s  
experiment had been i n f e c t e d  with BTV3 s i x  weeks p r e v io u s l y  
and had reacted with a t y p i c a l  p y r e x ia ,  viraemia and 
n e u t r a l i s i n g  ant ibody resp on se .  A c o n t r o l  animal ,  which did 
not r e c e i v e  TDL's but had been s i m i l a r l y  inocu la ted  with BTV3
s i x  weeks p r e v io u s l y ,  was a l s o  cha l le nged  with BTV4 at  t h i s  
t ime.
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Resu I t s
1) Adoptive t r a n s f e r  o f  TDL's, 14 days a f t e r  i n o c u l a t i o n  o f  
the donor with BTV; homologous v i r u s  c h a l l e n g e .
The i n o c u la t i o n  o f  BTV3 i n t o  the three donor sheep produced 
a t y p i c a l  p y r e x ic ,  v iraemic  and antibody  response  ( F i g s .  7a,
7b and 7 c ) .  Peak temperature and viraemia l e v e l s  were obtained  
on day 7 post  i n o c u l a t i o n  and v iru s  cont inued  to be i s o l a t e d  
for at  l e a s t  20 days ( F ig .  7b)
The amount and composit ion o f  the t h o r a c ic  duct f l u i d  on 
day 14 post  v iru s  i n o c u l a t i o n  can be seen in Table 7a.
Although i t  did not conta in  BTV, n e u t r a l i s i n g  antibody to BTV3 
was present  at low l e v e l s  ( 1 /2 0  in each c a s e ) .  The 
uninocu la ted  c o n tro l  animal (animal number 1, Table 7a) only  
re ta ined  the cannula for four hours and hence only 500cc o f  
f l u i d  was c o l l e c t e d .  This r e s u l t e d  in l e s s  c e l l s  being  
t r a n s fe r re d  to the twin o f  t h i s  animal .
The t r a n s f e r  o f  c e l l s  and c h a l l e n g e  o f  a l l  four r e c i p i e n t  
animals r e s u l t e d  in the temperature and viraemia response  
shown in F i g s .  7a,  b,  and c .  The c o n t r o l  animal r e c e i v i n g  
TDL's from a un inocu la ted  donor developed a response t y p i c a l  
to  that  shown in f u l l y  s u s c e p ta b l e  animal ( F ig .  7d) and the 
l e v e l  and durat ion  was i n d i s t i n g u i s h a b l e  from that fo l l o w in g  
the in o c u la t i o n  o f  BTV3 i n t o  other donor animals .
The three r e c i p i e n t s  g iven  TDL's from a donor inocu la ted  14
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Fig .  7a: E leva t ion  of  temperature f o l low in g  the i n o c u l a t i o n  o f  
BTV in to  monozygotic animals .  Thoracic  duct lymphocyte  
t r a n s f e r  at IA days p i .
■)<. Donor(s)
R e c i p i e n t ( s )
R ec ta l  temperature °C. ( i )  Mean of  in d iv id u a l  animals r e s u l t s  
( i i ) ,  ( i i i )  and ( i v )  i n d i v id u a l  animal r e s u l t s  from animal  
numbers 2, 3 and A r e s p e c t i v e l y .
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Fig .  7b Viraemia in monozygotic animals fo l low ing  the 
i n o c u la t i o n  of  BTV. Thoracic duct  lymphocyte t r a n s f e r  at  14
days p i .
-frc ■ —■ ¥  Donor(s)
•  -  •  R e c i p i e n t ( s )
Viraemia TCID /ml.  ( i )  Mean o f  in d iv id u a l  animals r e s u l t s  
( i i ) ,  ( i i i )  and ( i v )  i n d iv id u a l  animal r e s u l t s  from animal  
numbers 1, 2 and 3 r e s p e c t i v e l y .
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Fig .  7c: N e u t r a l i s in g  ant ibody to BTV3 in monozygotic animals  
f o l low in g  the i n o c u la t i o n  o f  t h i s  BTV type .  Thoracic duct  
lymphocyte tran sfe r  at  day 14 p i .
Donor(s)
Rec i p i e n t ( s )
( i )  Mean o f  in d iv id u a l  animal r e s u l t s  ( i i ) ,  ( i i i )  and ( i v )  
in d iv id u a l  animal r e s u l t s  from animal numbers 1, 2 and 3 
respec t ive i y .
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Table 7a: Nature o f  thor ac ic  duct  f l u i d  c o l l e c t e d  f o l lo w in g  
cannu la t ion  fourteen  days a f t e r  the i n o c u la t i o n  o f  BTV in to
s h e e p .
Animal amount t ime c e l l  amount % o f % o f
Number c o l  l ec ted taken count t r a n s f e r r e d 3 B c e l l s b T
c e l l s 0
1 500cc 4 h r s . 8 .5  X 108 20cc 36% 26%
2 1300cc 16 hrs . 6 X 109 20cc 42% 37%
3 1300cc 8 h r s . 4 X 109 20cc 46% 17%
4 lOOOcc 16 hrs . 4 .6  X 109 20cc 31% 22%
Inocula ted  in tr a v e n o u s ly  i n t o  r e c i p i e n t  monozygotic  twin 
b , . .I d e n t i f i e d  us ing  f lu o r o s c e in  conjugated  rabbi t  a n t i - s h e e p
IgG
c
I d e n t i f i e d  us ing  f l u o r o s c e i n  conjugated  peanut a g g l u t i n i n
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F ig .  7d: Temperature and viraemia responses  fo l l o w in g  the 
i n o c u la t i o n  of  BTV in to  a r e c i p i e n t  r e c e i v in g  thor ac ic  duct  
lymphocytes from a BTV free  donor animal .
*  1 Donor
® ‘ ® Rec Lpient
Recta l  temperature °C. Viraemia TCID^0/ml
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days pr ior  to t r a n s f e r  with BTV3, showed a reduct ion  in both  
the pyrex ic  and v iraemic r e sp o n s e s .  The mean o f  the r e s u l t s  
for the three r e c i p i e n t s  are compared to the donors in F i g s .
7a and 7b. The peak temperature response was obtained 2 days 
e a r l i e r  and the mean l e v e l  was 1°C below that  o f  the donor 
animals .  The viraemia in the r e c i p i e n t  group was a l s o  
d i f f e r e n t  to  that  in the donors .  Peak v iraemias  were obta ined  
between 3 and 4 days p i ,  compared to  7 days and then f e l l  
r a p i d ly ,  such that  by 7 days pi  l e v e l s  were 99.8% below that  
o f  the donor group.  In one r e c i p i e n t  BTV could not be 
recovered from the blood beyond day 8,  w h i l s t  in the other  
two, al though  v iru s  was recovered for at  l e a s t  14 days post  
i n o c u l a t i o n ,  the viraemia was at  c on s id e r a b ly  lower l e v e l s  
than that  in the donor animals ( F i g .  7b) .
Examination o f  the sera  o f  both donor and r e c i p i e n t  animals  
for n e u t r a l i s i n g  a n t ib o d ie s  to BTV3 gave the r e s u l t s  seen in 
Fig .  7c.  In the donor animals ,  as has been observed p r e v io u s l y  
(F ig 3b) n e u t r a l i s i n g  antibody  was f i r s t  d e t e c t e d  around day 
10 and rose rap id ly  to  reach p la teau  l e v e l s  o f  around 1/1000  
by 13 days p i .  In the r e c i p i e n t s  a d i f f e r e n t  pa t tern  was 
observed .  A n t ibodies  to BTV3 were f i r s t  d e t e c t e d  around day 5,  
rose  rap id ly  to reach l e v e l s  around 1/1000 by day 8 and then 
f e l l  to  around 1/40 by day 16. This p a t tern  was c o n s i s t e n t  in 
a l l  three  r e c i p i e n t s  r e c e i v i n g  TDL's from BTV in oc u la te d  
donors .  The other r e c i p i e n t  r e c e i v i n g  TDL's from an u n in fe c te d  
animal developed a n t ib o d ie s  in a s i m i l a r  manner to that  o f  the  
donor animals .  N e u t r a l i s i n g  a n t ib o d ie s  to the other 21 BTV 
types were not d e t e c t e d  in the sera  o f  any o f  these  animals .
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These r e s u l t s  In d ic a te  that  TDL's from a BTV immune animal  
can reduce both the pyrex ia  and viraemia  normally a s s o c i a t e d  
with  BTV i n f e c t i o n s  in sheep .  The e a r l i e r  appearence o f  
n e u t r a l i s i n g  antibody  in the r e c i p i e n t  animals i n d i c a t e s  that  
e i t h e r  t h i s  antibody  was produced by B c e l l s  t ra n s f e r r e d  in 
the TDL popu la t io n  (approx im ately  40% o f  the TDL's were B 
c e l l s ,  (Table 7b) or that  T h e lper  c e l l s  were able  to  more 
quick ly  prime the B c e l l  response o f  the r e c i p i e n t  and hence 
ant ibody  was produced more q u ic k ly .
2) Adoptive t r a n s f e r  o f  TDL's, 7 days a f t e r  the i n o c u l a t i o n  of  
the donor with BTV. Homologous v i r u s  c h a l l e n g e .
The temperature,  viramias and n e u t r a l i s i n g  antibody
response ,  in both the donor and r e c i p i e n t  f o l l o w in g  the
i n o c u la t i o n  o f  BTV3 can be seen in F i g s .  7e .  The donor animal
showed a pyrexia  and viraemia t y p i c a l  o f  that  found f o l lo w in g
the i n o c u la t i o n  o f  BTV in t o  f u l l y  s u s c e p t i b l e  animals .
Fol lowing thorac ic  duct cannu la t ion  on day 7 post  v i r u s
i n o c u l a t i o n ,  1200cc o f  th o r a c ic  duct f l u i d  was c o l l e c t e d  and 6 
9X 10 c e l l s  were t r a n s fe r re d  to the r e c i p i e n t .  Examination o f
th i s  f lu id  for BTV revea led  10^*^ TOID^/ml and 10^*^
TOIDt-g/ml o f  BTV was s t i l l  presen t  in the washed c e l l s .  Hence 
2 .4approximately 10 TCID^q o f  v iru s  was t ra n s fe r re d  along with  
the th o r a c ic  duct lymphocytes .  No n e u t r a l i s i n g  ant ibody could 
be demonstrated in t h i s  f l u i d .
The pyrex ia  obtained fo l l o w i n g  the i n o c u la t i o n  o f  BTV3 in to  
the r e c i p i e n t  was s i m i l a r  in pat tern  to that  observed in the
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Fig.  7e: Temperature, viraemia and n e u t r a l i s i n g  ant ibody  
response in monozygotic  animals fo l low ing  the i n o c u la t i o n  of  
BTV. Thoracic  duct  lymphocyte t r a n s f e r  at  7 days p i .
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r e c i p i e n t s  in the prev ious  exper iment.  However the viraemia  
was u n l ik e  that o f  e i t h e r  the donor animal , or the r e c i p i e n t s  
r e c e i v i n g  TDL's from animals  in oc u la te d  14 days p r e v io u s ly  
with v i r u s .  In t h i s  animal v i ru s  was i s o l a t e d  from the blood  
on day 0,  l e v e l s  f e l l  by 102 TCID^ ip 24 hours and then 
r a p id ly  rose to peak l e v e l s  2 days l a t e r .  These l e v e l s  were 
maintained for 5 days but by day 8 had begun to f a l l .
Fol lowing t h i s  the viraemia continued in the same manner as 
that  o f  the donor animal ( F i g .  7 e ) .
Examination o f  sera  from both donor and r e c i p i e n t  for the  
presence  o f  n e u t r a l i s i n g  a n t ib o d ie s  to  BTV3 was s i m i l a r  and 
c o n s i s t e n t  with the i n o c u la t i o n  o f  BTV i n t o  a f u l l y  
s u s c e p t i b l e  animal.
These r e s u l t s  in d i c a t e  that TDL's c o l l e c t e d  7 days a f t e r  
the i n o c u la t io n  o f  BTV are not as e f f e c t i v e  in c u r t a i l i n g  the 
course o f  a BTV i n f e c t i o n  as 14 day old BTV induced TDL's. The 
e a r ly  d e t e c t i o n  o f  BTV in the blood o f  the r e c i p i e n t  animal  
r e f l e c t s  the presence  o f  v iru s  in the t ra n s f e r r d  c e l l s  and was 
o f  a s i m i l a r  pat tern  to that  observed f o l lo w in g  intravenous  
i n o c u la t i o n  o f  BTV (W.P. Tay lor ,  persona l  communication).
3) Adoptive t r a n s f e r  o f  a T c e l l  enr iched popula t ion  o f  TDL's,  
14 days a f t e r  the i n o c u la t i o n  o f  the donor with BTV.
Homologous v i r u s  c h a l l e n g e .
The in o c u la t i o n  o f  BTV in to  the donor produced the t y p i c a l  
pyrexia  and viraemia seen in other  donor animals ( F i g s .  7 f ) .
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Fig .  7 f : Development o f  temperature and viraemia response  
f o l l o w in g  the i n o c u la t i o n  o f  BTV in monozygotic twins;  TDL's 
'panned' pr ior  to t r a n s f e r  at  14 days p i .
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Table 7b: C e l l  conten t  o f  th o r a c ic  duct  f l u i d  p r io r  to  and 
a f t e r  ' pann ing 'a to remove B lymphocytes.
Number o f  % B c e l l s b % t c e l l s 0
c e l l s
Be fore 1 panning1 6 . 3  X 109 34% 18%
A fter  '1 pann ing' 1 . A X 109 2.3% 49%
Q 9 T> * | •Panning c ar r ie d  out in p l a s t i c  p e t r i  d i s h e s  coated wi th  
rabbi t  a n t i - s h e e p  IgG. C e l l s  panned tw ice .
b
I d e n t i f i e d  us ing  f l u o r e s c e i n  conjugated rabbi t  a n t i - s h e e p
IgG serum 
c
I d e n t i f i e d  us ing  f l u o r e s c e i n  conjugated  peanut a g g l u t i n i n
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The c e l l  com pos i t ion  o f  the th o r a c ic  duct  f lu i d  c o l l e c t e d  
fo l l o w in g  c annu la t ion  at  14 days pi  can be seen in Table 7b.  
' P a n n in g ' , us ing  a n t i - s h e e p  IgG coated  p l a t e s  to remove B 
c e l l s ,  r e s u l t e d  in a 75% l o s s  o f  c e l l s  with the percentage  o f  
B c e l l s  f a l l i n g  from 34% to 2.3% and that  o f  T c e l l s  
i n c r e a s in g  from 18% to  49%. I t  i s  h ig h ly  l i k e l y  that  the  
remaining 48.7% o f  u n l a b e l l e d  c e l l s  are not a l l  ' n u l l '  c e l l s  
as the T c e i l  markers used (peanut a g g l u t i n i n )  i s  thought not 
to  l a b e l  a l l  T c e l l  su b s e t s  (Dumont and N a r d e l l i ,  1979) .
The i n o c u l a t i o n  o f  these  enr iched T c e l l s  and c h a l l e n g e  
twe lve  hours l a t e r  with BTV3 i n t o  the r e c i p i e n t  animal  
r e s u l t e d  in the viraemic and pyrex ic  response shown in F i g s .
7 f .  Although the pyrexia is  s i m i l a r  to that  o f  the donor, a 
90% reduction  in the viraemia was o b ta in ed .  Virus could not be 
d e t e c t e d  in the blood o f  the r e c i p i e n t  13 days a f t e r  the  
i n o c u la t i o n  o f  BTV3, w h i l s t  in the donor v iru s  was i s o l a t e d  
for up to 28 days .
In c o n t r a s t  to  the r e s u l t  obta ined  where panning did not  
occur pr ior  to the TDL t r a n s f e r  (Experiment 1, F ig .  7d) ,  the  
development o f  n e u t r a l i s i n g  ant ibody was s i m i l a r  in both donor 
and r e c i p i e n t  (Table 7 c ) .  Hence d e s p i t e  the reduct ion  in the  
number of  B c e l l s  in the t r a n s fe r re d  TDL popu la t io n  which 
appeared to abrogate the e a r ly  n e u t r a l i s i n g  antibody  response  
(Fig  7d) the observed l e v e l  o f  p r o t e c t i o n  was s i m i l a r  to that  
seen in other  14 day r e c i p i e n t s ,  i n d i c a t i n g  that  the mechanism 
r e s p o n s i b l e  for t h i s  p r o t e c t i o n  i s  not ant ibody mediated.
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Table 7c: Development o f  neutralising a n t ib o d ie s  to  BTV3 in 
monozygotic  twins a f t e r  the inoculation o f  BTV3.
, . aDays p o s t  i n o c u l a t i o n
0 2 4 6 8 .10 12 16 24
bDonor -ve - v e -v e -v e - v e 1. 6C 1.8 1.5 2.1
• • cR e c i p i e n t
-ve -ve -v e - v e - v e - v e 1 .3 1 .9 1.6
3 106TCID50 BTV3
b 9Cannulated day 14 post  i n o c u la t i o n  with BTV3. 1 .36  X 10 T
c e l l  e n r i c h e d  TDL's t r a n s f e r r e d  to  r e c i p i e n t  12 hours  p r i o r  to
v ir u s  ch a l l e n g e
c •N e u t r a l i s i n g  a n t i b o d y  t i t r e  e x p r e s s e d  as r e c i p r o c a l
l o g 1QVN50. -v e  neutralising ant ibody t i t r e  < 1.15
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4) Adopt ive  t r a n s f e r  o f  TDL's, 14 days a f t e r  the i n o c u la t i o n  
o f  BTV in t o  the donor.  Hetero logous  v i r u s  c h a l l e n g e .
The i n o c u la t i o n  o f  BTV3 i n t o  the donor animal and BTV4 i n t o  
the c o n t r o l  animal (which had p r e v io u s l y  been inoc u la te d  wi th  
BTV3) produced the t y p i c a l  pyrex ia  and viraemia  ( F ig s  7g) seen  
in other animals .
In the r e c i p i e n t ,  however,  which had been in oc u la te d  with  
BTV3 p r e v i o u s l y  and rece ived  TDL's from the donor in oc u la te d  
with BTV3, the i n o c u la t i o n  o f  BTV4 produced n e i t h e r  pyrexia  
nor viraemia (F ig  7g ) .
Both the r e c i p i e n t  and c o n t r o l  animal had a n t ib o d ie s  to  
BTV3 pr ior  to the i n o c u la t i o n  o f  BTV4 and fo l lo w in g  BTV4 
i n o c u la t i o n  both produced n e u t r a l i s i n g  a n t ib o d ie s  to  t h i s  type  
(Fig 7h) .  The ant ibody  response in the BTV3 homologously  
cha l le nged  donor animal remained monotypic.  Both the r e c i p i e n t  
and c o n t r o l  animals were examined for a n t ib o d ie s  to  other BTV 
types and the h e ter o lo g o u s  nature o f  the response can be seen  
in F ig .  7 i .
Thus the t r a n s f e r  o f  immune TDL's from an animal in o c u la te d  
with  BTV3 c om p le te ly  protec te d  a p r e v io u s l y  BTV3 primed 
r e c i p i e n t  from c h a l l e n g e  with BTV4. A n t ibod ies  to BTV4 were 
induced in the r e c i p i e n t  i n d i c a t i n g  a s e r o l o g i c a l  r e a c t i o n  to 
the i n o c u la t i o n  o f  BTV4 a lthough no ev id ence  o f  a v iraemia was
obta in ed .  As with the experiments  (a)  and ( c )  t ra n s f e r r e d  
c e l l s  at day 14 pi  did not conta in  d e t e c t a b l e  v i r u s .
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F ig .  7g: Development o f  temperature and v iraemia response  in  
monozygotic  animals f o l l o w in g  the i n o c u la t i o n  o f  BTV; 
Heterologous  v i r u s  c h a l l e n g e .
O ................O R e c ip ie n t
jyc.———— — jf. Control
R e c ta l  temperature °C. Viraemia TCID^Q/ml 
Both r e c i p i e n t  and c o n tro l  animal in oc u la te d  with BTV3 s i x  
weeks p r e v io u s l y .  R e c ip ie n t  rece ived  TDL's from BTV3 immune 
donor pr ior  to c h a l l e n g e  o f  both  r e c i p i e n t  and c o n t r o l  with  
BTV4. Time expressed as days pi  with BTV4.
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Fig'. 7h : Development o f  n e u t r a l i s i n g  a n t ib o d ie s  to BTV types 3 
and 4 f o l lo w in g  the i n o c u l a t i o n  o f  monozygotic twins with  
these  BTV typ e s .  Hetero logous  v i r u s  c h a l l e n g e .
* ......... Donor; N e u t r a l i s i n g  a n t i b o d i e s  to  BTV3
• — ■—  • R e c i p ie n t ;  N e u t r a l i s i n g  a n t ib o d ie s  to BTV4
o ------- — o R e c i p ie n t ;  N e u t r a l i s i n g  a n t ib o d ie s  to BTV3
* ---------------- * Contro l ;  N e u t r a l i s i n g  a n t ib o d ie s  to  BTV4
Donor inocu la ted  with BTV3. Time expressed  as days p i  o f  BTV3 
for t h i s  animal . Both r e c i p i e n t  and c o n t r o l  animals in o c u la t e d  
with BTV3 s i x  weeks p r e v i o u s l y .  R e c ip ie n t  r ece ived  TDL's from 
donor animal pr ior  to c h a l l e n g e  o f  both r e c i p i e n t  and c o n t r o l  
with BTV4. Time expressed  as days pi  with BTV4 for these two 
a n im als .
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F ig .  71: Development o f  n e u t r a l i s i n g  an t ib o d ie s  to BTV types  
f o l l o w i n g  the i n o c u l a t i o n  o f  BTV types 3 and 4 i n t o  a 
r e c i p i e n t  and c o n t r o l  animal .
Both r e c i p i e n t  and c o n t r o l  animal in oc u la te d  with BTV3 s i x  
weeks p r e v i o u s l y .  R e c ip ie n t  r e ce iv ed  TDL's from BTV3 immune 
donor p r io r  to c h a l l e n g e  o f  both r e c i p i e n t  and contro l  wi th  
BTV4. Time expressed  as days pi  with BTV4.
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Although both r e c i p i e n t  and c o n t r o l  animals had a n t ib o d ie s  
to  BTV3 p r io r  to c h a l l e n g e  with BTV4, i t  has been shown
p r e v io u s l y  (Chapter 3, b and d) and a l s o  again in the c o n t r o l  
animal,  that  these  a n t ib o d ie s  do not d e crease  s u s c e p t i b i l i t y  
to a second BTV type c h a l l e n g e .  Hence the complete  p r o t e c t i o n  
observed in the r e c i p i e n t  as compared to the diminished  
response  seen in donors ch a l le n ge d  with homologous v i r u s ,  
required the presence  o f  the immune TDL popu la t ion  and the 
presence  o f  h e t e r o t y p i c  ant ib ody .
The i n o c u la t i o n  o f  a second BTV type evoked n e u t r a l i s i n g  
a n t ib o d ie s  to a large number o f  BTV types in both the c o n t r o l  
and r e c i p i e n t  animals ( F i g 7 i ,  Chapter 3, Figs  3b, d and e ) .
This happened d e s p i t e  there be ing  no ev id en ce  o f  v iru s  
r e p l i c a t i o n ,  a s i t u a t i o n  s i m i l a r  to  that  seen when animals are 
normally cha l lenged  with a th ird  BTV type .
D i s c u s s i o n .
These r e s u l t s  in d i c a t e  that the i n o c u l a t i o n  o f  BTV in to  
sheep produces a popu la t io n  o f  TDL's which when t r a n s fe r re d  to  
another animal i s  capable o f  reducing the pyrex ia  and viraemia  
normally a s s o c i a t e d  with a BTV i n f e c t i o n .  Further the a c t i v i t y  
o f  these  c e l l s  i s  very l i t t l e  i f  t r a n s fe r ed  at  7 days pi o f  
v iru s  but i s  c l e a r l y  demonstrable by 14 days p i .  The t r a n s f e r  
o f  the t o t a l  c e l l  popu la t io n  r e s u l t s  in an e a r ly  antibody  
response  which i s  abrogated by the removal o f  B c e l l s  wi thout  
a f f e c t i n g  the degree  o f  p r o t e c t i o n  observed .  This would
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i n d i c a t e  that  t h i s  p r o t e c t io n  i s  mediated by T c e l l  through a 
mechanism which does not r e ly  on ant ibody  product ion .  CTL's 
could ob v io u s ly  work in t h i s  way and the pat tern  o f  t h e i r  in 
v ivo  appearence in sheep,  be ing  b a r e ly  d e t e c t e d  at  7 days pi  
but having maximal a c t i v i t y  by 14 d ays ,  c o r r e l a t e s  w e l l  with  
t h i s  c e l l  t r a n s f e r  data .  Moreover, in the presence  o f  
h e t e r o t y p i c  ant ib ody ,  t hese  c e l l s  are capable  o f  com ple te ly  
abrogat ing  both the pyrexia and viraemia a s s o c i a t e d  with a 
second h e t e r o t y p ic  c h a l l e n g e  o f  BTV. Hence, a lthough an animal  
in o c u la te d  with one BTV type i s  not u s u a l l y  p r o tec te d  from 
c h a l l e n g e  with a second BTV type ,  the t r a n s f e r  o f  r e c e n t ly  
induced TDL's to another type pr ior  to c h a l l e n g e  prevents  the 
expected viraemia and p yrex ia .
These obse r va t ion  augment and confirm prev ious  r e s u l t s  
obtained in t h i s  t h e s i s .  They in d ica te d  the f u n c t io n a l  
importance o f  the p r e v io u s l y  i d e n t i f i e d  ovine BTV induced 
CTL's and support  the h ypothes i s  proposed by work c arr ied  out  
in mice that  t h i s  c e l l  i s  capable  o f  c r o s s - r e a c t i v e  l y s i s .
Thus BTV a l s o  a p p e a r s  to  induce  ov ine  c r o s s - r e a c t i v e  CTL's 
which a l t h o u g h  s h o r t - l i v e d  a r e  c a p a b l e  o f  p r o t e c t i n g  an im a ls  
from h e t e r o l o g o u s  c h a l l e n g e .  However, i t  a p p e a r s  t h a t  a 
p r e r e q u i s i t e  to  t h i s  h e t e r o l o g o u s  p r o t e c t i o n  i s  p r e v i o u s  
exposu re  to  BTV and the  e x a c t  n a t u r e  o f  the  c o - o p e r a t i o n  
between  th e s e  s h o r t  l i v e d  c r o s s - r e a c t i v e  CTL's and o t h e r  
p r e v i o u s l y  evoked immune mechanisms i s  no t  c l e a r .
P r e v i o u s  work has h i g h l i g h t e d  t h r e e  major  mechanisms whereby T 
lymphocytes  media te  t h e i r  a n t i v i r a l  e f f e c t s  ( A l l i s o n ,  1972; 
N otk ins  ej^ a_l. , 1970; Rouse and Babiuk ,  1974a and b ,  1975 and
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1978) .  These are a) d i r e c t  c y t o t o x i c i t y ,  b) the r e l e a s e  o f  
i n t e r f e r o n  type I I ,  and c)  the recrui tm ent  o f  macrophages. In 
chapter  5 i t  was found that BTV in bovine c e l l s  was r e s i s t a n t  
to the d i r e c t  e f f e c t  o f  i n t e r f e r o n  and Lawman (1979)  showed 
that  the v iru s  can r e p l i c a t e  in macrophages during a BTV 
i n f e c t i o n .  Hence d i r e c t  c y t o t o x i c i t y  would appear to be the  
p r o t e c t i v e  mechanism in ope r a t ion  during a BTV i n f e c t i o n .  
Recent work has i n v e s t i g a t e d  the a b i l i t y  o f  he lper  T c e l l s  to  
ampl ify both B and T c e l l  responses  and have shown that  
d i f f e r e n t  he lper  T c e l l  su b s e t s  e x i s t  which t r i g g e r  s p e c i f i c  
immune response (Friedman and Thompson, 1983) .  Other work 
further  argues that  the requirement o f  an t igen  r e c o g n i t io n  
occurs at the l e v e l  o f  the i n t e r a c t i o n  between he lper  T c e l l s  
and acc es s o r y  c e l l s .  This  i n t e r a c t i o n  would generate  a l l  the  
s o lu b le  fa c to r s  needed for turning precursor  CTL's i n to  
e f f e c t i v e  k i l l e r  c e l l s  ( B e l l a g r a u ,  1983) .  This  a c t i v a t i o n  of  
CTL precursors  requ ires  two s i g n a l s ,  a) r e c o g n i t i o n  o f  v i r a l  
ant igen  and b) a s o l u b l e  product  from a T he lper  c e l l  and that  
the s p e c i f i c i t y  o f  t h i s  r e a c t io n  i s  determined more by the T
K
helper  c e l l / a n t i g e n  i n t e r a c t i o n  than that o f  the CTL (S^mid 
and Rouse, 1983) .  I t  may be th e r e fo r e  that  in the t ra n s f e r r e d  
TDL popu la t ion  c r o s s - r e a c t i v e  helper  T c e l l  s u b s e t s  seeded  
i n to  a bed o f  anti-BTV memory c e l l s  induces more rapid 
development o f  d i r e c t  c y t o t o x i c i t y  which br ings  about the 
observed h e tero logous  p r o t e c t i o n .
Thus i t  would appear that  the h o s t ' s  response to BTV 
i n f e c t i o n  in v o lv e s  both the c e l l u l a r  and humoral immune 
systems with p r o t e c t io n  from r e i n f e c t i o n  with the homologous
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v i r u s  type  most l i k e l y  b e in g  a n t i b o d y  m e d ia te d ,  w hereas ,  
p r o t e c t i o n  from h e t e r o l o g o u s  c h a l l e n g e  a p p e a r s  to  r e l y  on c e l l  
m ed ia te d  e f f e c t s .  Repe a ted  c h a l l e n g e s  w i th  BTV w i l l  augment 
b o t h  e f f e c t s  t h rough  the  a m p l i f y i n g  e f f e c t  o f  memory c e l l s  and 
th e  i n c r e a s i n g  c r o s s - r e a c t i v i t y  o f  t h e  r e s p o n s e .
These o b s e r v a t i o n s  have p a r a l l e l s  to  s t u d i e s  c a r r i e d  ou t  
w i t h  i n f l u e n z a  v i r u s  in mice and humans (Zweerink  ej: a l . ,
1977) .  These i n d i c a t e  that  p r o t e c t io n  from homologous v iru s  
c h a l l e n g e  i s  most e f f e c t i v e l y  mediated by antibody  even though 
the l e v e l  o f  p r o t e c t i o n  does not c o r r e l a t e  w e l l  with  
haem agglut ination  i n h i b i t i o n  t i t r e s  (McMichael e^ a_l . , Laver,
1982) P r o t e c t io n  from h e ter o lo g o u s  v i r u s  c h a l l e n g e ,  however,  
has been been shown to be a func t ion  o f  c r o s s - r e a c t i v e  CTL's 
(McMichael £ t  a_l. , 1982) .
Although the complete recovery from in f l u e n z a  i n f e c t i o n  i s  
undoubtably due to many immunological  f a c t o r s ,  s e v e r a l  recent  
reports  have emphasized the c r u c i a l  r o l e  o f  these  c e l l s .
Wells and Ennis (1981)  have shown that  t r a n s f e r  o f  CTL's from 
mice during primary i n f l u e n z a  i n f e c t i o n  and a f t e r  secondary  
s t i m u l a t i o n  in v i t r o  r e s u l t s  in a d e c r ease  in pulmonary v i r u s  
t i t r e s  in r e c i p i e n t  nude mice. The fa c t  that  these  r e c i p i e n t  
mice showed no in c r e a s e  in serum ant ibody  s u g g e s t s  that  the T 
c e l l s  were r e s p o n s ib l e  for v i r a l  c l e a r a n c e .  Yap and Ada (1978)  
have reported s i m i l a r  f i n d i n g s ,  showing that  a d o p t iv e ly  
t ra n s f e r r e d  CTL's can p r o t e c t  mice from death f o l low in g  a 
l e t h a l  dose o f  i n f l u e n z a .  A l s o ,  a c loned a n t i - i n f l u e n z a  CTL 
l i n e ,  has been shown to p r o t e c t  i n f l u e n z a  i n f e c t e d  mice from 
death (Lu and Askonas,  1980) .  S im i lar  s t u d i e s  on the
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importance o f  T c e l l s  in mice on recovery  from e c tr o m e l ia  
v ir u s  i n f e c t i o n  (Blanden,  1971) and herpes s im plex  v i r u s  
(Kapoor e^ t aj^ > 1982) have a l s o  been reported .
More recent  work however, i n d i c a t e s  that  the CTL alone  may 
not be r e s p o n s i b l e  for the h e t e r o t y p i c  immunity and observed  
p r o t e c t i o n  jji  v i v o . With in f l u e n z a  c r o s s - r e a c t i v e  T-he lper  
c e l l s  which induce a n t ib o d ie s  may a l s o  play a r o l e  (McMichael  
et  ^ al_. , 1982) ,  whereas,  in  herpes s im plex  v i r u s  type I 
i n f e c t i o n s  in mice,  e l e v a t e d  serum i n t e r f e r o n  l e v e l s  observed  
in the r e c i p i e n t s  o f  v i r u s  s p e c i f i c  and H-2 compat ib le  CTL's,  
may a l s o  c o n t r i b u t e  to  the p r o t e c t i v e  mechanism. This  could  
be ,  e i t h e r  by i n c r e a s i n g  the s u s c e p t i b i l i t y  o f  i n f e c t e d  c e l l s  
to  the a c t io n  o f  CTL's, augmenting NK c e l l  a c t i v i t y ,  or by 
i n t e r f e r i n g  with the assembly o f  i n f e c t i o u s  v i r u s  ( S e t h i  e_t 
a l . ,  1983) .  The f a c t  that  complete  v i ru s  c l e a r a n c e  may depend 
upon a number o f  d i f f e r e n t  responses  i s  a l s o  i l l u s t r a t e d  by 
the h e ter o logou s  BTV c h a l l e n g e .  The antibody  alone would not  
have a f f e c t e d  v iru s  t i t r e s  al though in conjunct ion  wi th  
presumptive CTL's and he lper  c e l l s  appears to com ple te ly  
prevent v i r u s  r e p l i c a t i o n .  The a c t i o n  o f  t h i s  synergism i s  not  
c l e a r  al though with herpes s im plex  v i r u s ,  CTL c lo n e s  and a 
n o n - n e u t r a l i s i n g  ant ibody can s i m i l a r l y  p r o t e c t  mice (Nash,  
p e r s o n e l  communications) .  The p o s s i b i l i t y  e x i s t s  that  t h i s  
ant ibody  r e a c t s  with the T c e l l s  in a way which has ye t  to  be 
c h a r a c t e r i s e d ,  or that  perhaps i t  improves an t ige n  r e c o g n i t i o n  
and p r o c e s s in g  so that  the r e c i p i e n t s  response  i s  more 
vigorous  and on top o f  the t ra n s f e r r e d  c e l l s ,  i s  s u f f i c i e n t  to  
prevent  v i ru s  r e p l i c a t i o n .
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Although i t  i s  h igh ly  p e r t i n e n t  to work in the host  animal ,  
work in ruminants is  l im i te d  by the lack o f  s u i t a b l e  reagents  
to d e f in e  the sys tem. Hence although  the t r a n s f e r  o f  TDL's 
gave r i s e  to observab le  e f f e c t s ,  the lack o f  s u i t a b l e  numbers 
o f  monozygotic  animals ,  s p e c i f i c  T c e l l  subset  markers and 
c e l l  p u r i f i c a t i o n  techn iq ues  in ruminants has meant that  the 
a n a l y s i s  o f  these  r e s u l t s  i s  not always c l e a r  c u t .  Further  
d e t a i l e d  work may n e c e s s i t a t e  a return to a mouse model where 
the a v a i l a b i l i t y  o f  w e l l  d e f ined  systems w i l l  enable  a more 
e x a c t in g  study to  be c a r r i e d  out .  I t  must be po inted  out  that  
these  s t u d i e s  were c a r r i e d  out  in sheep because  o f  the obvious  
re le van c e  o f  working in the c o r r e c t  host  animal and because  o f  
the lack o f  response o f  mice to BTV i n f e c t i o n  and thus the 
i n a b i l i t y  to measure p r o t e c t i o n  in the mouse. However 
improvements in v i r u s  i s o l a t i o n  techn iq ues  may make i t  
f e a s i b l e  to  return to t h i s  model.
However, i t  i s  s t i l l  advantageous to r e l a t e  presen t  
f in d in g s  to current BTV v a c c i n e s .  I t  would appear that  as with  
i n f l u e n z a  vacc ine  p o l i c y ,  i f  a broad immunity i s  required  
a g a in s t  c h a l l e n g e  from a number o f  v iru s  types then a v a c c in e  
schedule  should be used that  w i l l  induce the g r e a t e s t  c e l l u l a r  
immune response  and t h i s  would prec lude  the u s e ^ i n a c t i v a t e d  
p r e p a r a t io n s .  However i f  homotypic p r o t e c t i o n  i s  d e s i r e d ,  then 
vac c in e s  capable o f  inducing high l e v e l s  o f  p r o t e c t i v e  
antibody  should be used.
The r i s k s  a s s o c i a t e d  with the use o f  l i v e  a t tenuated  
vacc ines  are many ( S t o t t  et. a l . , 1979) but in areas r e q u ir in g  
p r o t e c t io n  from a number o f  BTV types as in South A f r i c a ,
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these  may be outweighed by the a b i l i t y  o f  such preparations  to  
induce broad p r o t e c t i o n ,  w h i l s t  the use o f  i n a c t i v a t e d  
p repara t ions  would be most s u i t a b l e  in areas under the threat  
o f  c h a l l e n g e  by one BTV type i e  Cyprus.
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CHAPTER EIGHT
CONCLUSIONS AND FUTURE CONSIDERATIONS
1) The s e r i a l  i n o c u l a t i o n  o f  two BTV types g i v e s  r i s e  to  a 
broad h e t e r o t y p i c  ant ibody r e sp o n s e .  This  response  i s  
t r a n s i e n t  but broadens f o l lo w in g  the i n o c u l a t i o n  o f  a th ird  
BTV type .  These o b s e r v a t io n s  are seen in both c a t t l e  and sheep  
and with d i f f e r e n t  combinat ions o f  BTV’ s .
2) The s e r i a l  i n o c u l a t i o n  o f  two BTV types a l s o  g i v e s  
p r o t e c t i o n  from c h a l l e n g e  wi th  a th ird  type .  This  occurs in 
both c a t t l e  and sheep and with d i f f e r e n t  combinat ions o f  BTV 
t y p e s .
3) The s imul taneous  i n o c u l a t i o n  o f  three BTV types does not  
n e c e s s a r i l y  r e s u l t  in the r e p l i c a t i o n  o f  a l l  three  v i ru s  types  
and does not g iv e  r i s e  to a broad h e t e r o t y p i c  antibody  
r esp onse .
4) Immune sera  has a r o l e  to  play in p r o t e c t io n  from 
r e i n f e c t i o n  with BTV. However t h i s  p r o t e c t io n  i s  type s p e c i f i c  
and the degree  o f  p r o t e c t i o n  does not c o r r e l a t e  with l e v e l s  o f  
n e u t r a l i s i n g  ant ib ody .
3) ADCC appears to have no part to  play in immunity to BTV
186
i n f e c t i o n s  and al though i n t e r f e r o n  does not  appear to have a 
d i r e c t  e f f e c t  on the c u r ta i lm e n t  o f  a BTV i n f e c t i o n  i t  may 
play a part  as an a c c e s s o r y  f a c t o r  in the immune response .
6) The i n o c u l a t i o n  o f  l i v e  BTV i n t o  mice g i v e s  r i s e  to  CTL's 
whose a c t i v i t y  peaks around day 7 p i .
7) The l e v e l  o f  the murine CTL response  i s  dependent on the 
BTV type and does not occur when i n a c t i v a t e d  v iru s  i s  used.
8) Anti-BTV murine  CTL's a r e  c a p a b l e  o f  v a r y i n g  c r o s s - r e a c t i v e  
l y s i s  w i t h i n  the BTV group .
9) The i n o c u l a t i o n  o f  BTV i n to  sheep g i v e s  r i s e  to  ovine  CTL's 
whose a c t i v i t y  peak around day 14 p i .
10) Ovine BTV induced CTL's are capable  o f  reducing the 
pyrexia  and viraemia normally a s s o c i a t e d  wi th  a BTV i n f e c t i o n .  
In c e r t a in  s i t u a t i o n s  these  c e l l s  can comple te ly  p r o t e c t  
a g a in s t  he ter o logou s  BTV c h a l l e n g e .
11) C e l l u l a r  immunity, p a r t i c u l a r l y  the a c t io n  o f  CTL's has a 
part  to play in recovery from a BTV i n f e c t i o n  and i s  
p a r t i c u l a r l y  important in prov id in g  short  term h e t e r o t y p i c  
immunity and p r o t e c t i o n  from r e i n f e c t i o n  with a h e t e r o lo g o u s  
BTV c h a l l e n g e .
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These c o n c lu s io n s  have im p l i c a t io n s  in terms o f  BTV 
immunopatho logy and the c o n t r o l  o f  BTV by v a c c i n a t i o n .
One problem encountered throughout t h i s  work and that  o f  
others  engaged in BTV r e s e a r c h ,  i s  that  o f  v i ru s  p u r i f i c a t i o n .  
Evidence con t in u es  to mount o f  c r o s s - r e a c t i o n s  between BTV 
se ro ty p e s  and between BTV and other o r b i v i r u s e s  ( D e l l a - P o r t a  
e t  a_l. , 1979) .  U n t i l  p u r i f i e d  preparat ions  o f  whole v iru s  and 
v i r u s  an t ige n s  are a v a i l a b l e  improved understanding in t h i s  
area w i l l  be s low .  The recent  use o f  anti-BTV monoclonal  
a n t ib o d ie s  (Letchworth and Appleton,  1983) in s t u d i e s  o f  v i r u s  
s tu c t u r e  and immunity to BTV i n f e c t i o n ,  i n d i c a t e s  the va lue  o f  
furth er  work in t h i s  d i r e c t i o n  and indeed the use  o f  
monoclonals to help pur i fy  the v iru s  and i t s  components might 
be h ig h ly  rewarding.
In c o n t r a s t  to the s p e c i f i c i t y  o f  the antibody  resp onse ,  
the anti-BTV CTL may o f f e r  a chance to r e c l a s s i f y  the BTVVs 
i n to  f u n t i o n a l l y  s i g n i f i c a n t  groups.  The degree  o f  c r o s s ­
r e a c t io n  found in t h i s  work s u g g e s t s  that  only four or f i v e  
major groups would emerge and t h i s  would lead to s i m p l i f i e d  
vacc ine  s c h e d u l e s .  Although work in ov ine  monozygotic sheep  
was h igh ly  rewarding,  the existence:  o f  so many BTV se r o ty p e s  
and the lack o f  ovine c e l l  markers n e c e s s i t a t e s  a return to  
the mouse model. Here recent  advances in c e l l  c lo n in g  
techn iq ues  and the a v a i l a b i l i t y  o f  monoclonal  ant ibody  c e l l  
markers w i l l  enable  rapid advances to be made in the study of  
BTV c e l l  immunology. The recent  use o f  c loned v iru s  s p e c i f i c  
CTL l i n e s  ( B r a c ia l e  £ t  <rl. , 1981; S e th i  £ t  £ l . , 1983) has 
enabled rapid advances to be made in understanding the r o l e  o f
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CMI in o t h e r  v i r u s  i n f e c t i o n s  and s i m i l a r  appr oa c he s  s hou l d  be 
u n d e r t a k e n  wi t h  BTV.
There  e x i s t s  a need t o  r e t h i n k  BTV v a c c i n a t i o n ,  
p a r t i c u l a r l y  i n  m u l t i - t y p e  endemic a r e a s .  C l e a r l y  t he  s e r i a l  
i n o c u l a t i o n  o f  one or  two BTV t ypes  s hou l d  m e r i t  s e r i o u s  
c o n s i d e r a t i o n .  The u s e  o f  d i f f e r e n t  i n a c t i v a n t s  and o f  
p u r i f i e d  p r e p a r a t i o n s  in l iposome c a r r i e r s  ( Ha c k e t t  e t  a l . ,
1983) a re  a r e a s  wor thy o f  f u r t h e r  s t u d y .
F i n a l l y  the vexing  problem o f  v i r u s  persistence and 
overw inter in g  mechanisms (Gibbs e_t a l^. ,  1979) must be 
addressed .  Since  i t  most l i k e l y  r e v o lv e s  around the 
i n t r a c e l l u l a r  s u r v i v a l  o f  the v i r u s ,  mechanisms o f  c e l l  l y s i s  
examined in t h i s  work should be p e r t i n e n t .  D e f e c t s  in the 
immune resp onse ,  such as the f a i l u r e  o f  ADCC to operate  in BTV 
i n f e c t i o n s  and the lack o f  susceptibi li ty o f  the v i r u s  to 
i n t e r f e r o n  sugges t  that  further  s t u d i e s  on c e l l u l a r  immunity 
to  BTV are most l i k e l y  to provide s o l u t i o n s  in t h i s  important  
area and i t s  accompanying r e le v e n c e  to i n t e r n a t i o n a l  trade  
r e s t r i c t i o n s .
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Generation of cross-reactive cytotoxic T lymphocytes following 
immunization of mice with various bluetongue virus types
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Summary. Mice immunized with a single bluetongue 
(BT) virus type were shown to produce cytotoxic T 
lymphocytes (CTL’s) which cross-reacted with a 
number o f BT virus types. These cross-reactive CTL’s 
could be induced by both primary in vivo and second­
ary in vitro stimulation. A  varying degree o f cross­
reactivity occurred with the six BT types examined. 
Aspects o f the character o f  this cross-reactivity were 
examined and its role in protection from disease and 
vaccination strategy is discussed.
IN T R O D U C T IO N
Bluetongue is an infectious, non-contagious viral 
disease o f ruminants, transmitted by insects and 
characterized by congestion, oedema and haemorr­
hage especially in sheep. The causative agent is 
classified as an orbivirus in the family Reoviridae. The 
viruses within this genus have now been separated on 
the basis o f  their in vitro serological reactions (Howell, 
1963). Complement fixation has been used as the 
group test and serum neutralization as the type test 
(Boulanger & Frank, 1975). Based on this there now  
exist at least twenty known BT virus types.
Apart from these humoral responses bluetongue 
(BT) virus has been shown to induce a cell-mediated
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response in mice following the administration o f  live 
virus (Jeggo & Wardley, unpublished observations). 
These animals produce CTL’s whose induction 
conforms to the patterns o f H-2 restriction and virus 
specificity as demonstrated previously in other murine 
systems. A role for cell-mediated immunity (CMI) in 
protection from bluetongue disease in sheep, where 
protection has been demonstrated in the absence o f  
neutralizing antibodies, has been inferred from work 
with inactivated BT virus vaccines (Stott, Osburn, 
Barber & Sawyer, 1979).
The importance o f  CMI for recovery from many 
viral infections has received much attention especially 
the role o f CTL’s. Recent work has demonstrated that 
within some virus groups these cells cause cross-reac­
tive lysis (Rosenthal 8c Zinkernagel, 1980; Gajdowa, 
Mayer & Oravec, 1980; Webster & Askonas, 1980) 
and furthermore, in the influenza viruses, cross-reac­
tive CTL’s only occur following certain immunization 
procedures (Webster & Askonas, 1980).
Demonstration o f  cross-reactive CTL’s to different 
types o f  bluetongue and a role for them in protection 
from disease could lead to improved vaccine proce­
dures. This work investigates this possibility in mice 
using a number o f  BT virus types.
M A T E R IA L S A N D  M E T H O D S
Viruses
Bluetongue virus types were obtained originally from
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the Veterinary Research Institute, Onderstepoort. 
They were passaged once or twice in egg embryos 
before adaption to BHK cells (passage numbers given 
following the BT number). BT4 was obtained as an 
isolate from the 1969 Cyprus bluetongue outbreak and 
designated ASOT 1. It was passaged three times in 
BHK cells. Virus stocks were prepared by growth in 
BHK cells and held at —70° before use. The following 
BT virus types were used: BT4 (ASOT 1), BT1 
(E3 BHK 7), BT3 (E 1BHK 5), BT6  (E3BHK 4 ), BT10 
(E 1BHK 7), BT16 (E2 BHK 6). Titrations o f virus were 
carried out in roller tubes using BHK cells.
Pseudorabies virus was kindly supplied by the 
Central Veterinary Laboratories, Weybridge, and was 
grown in renal swine cells (RS-2).
Ibaraki virus (B H K 3) was obtained from the 
National Institute o f Animal Health, Tokyo, Japan, 
Epizootic Haemorrhagic Disease, New Jersey strain 
(B H K 5) was supplied by K. Herniman (A.V.R.I.) and 
Corriparta (BHK 6) by Miss J. Taylor (Queensland 
Institute for Medical Research, Australia).
Mice
C3H(H-2K) mice were supplied by the Laboratory 
Animal Centre, Carshalton. Six to eight week old mice 
were immunized by intraperitoneal injection o f stock 
viruses. For primary CTL assay the mice were killed 
by cervical dislocation 7 days later and the spleens 
removed aseptically. In double immunization proce­
dures, mice were immunized 14 days apart and then 
killed 7 days after the second inoculation. For second­
ary in vitro studies mice were killed at least 14 days 
after immunization.
Cells
L929 cells were obtained from Flow Laboratories and 
maintained on Eagle’s medium containing 10% ox 
serum together with penicillin ( 1 1 0  i.u./ml) and strep­
tomycin ( 1 0  mg/ml).
M ouse spleen cell suspensions were prepared using 
standard techniques (Zweerink, Courtneidge, Skehel, 
Crumpton & Askonas, 1977), and finally resuspended 
in RPMI 1640 medium containing 10% foetal calf 
serum, 2 m M  HEPES buffer and antibiotics at the 
above levels (RPMI-HEPES). For in vitro stimulation 
these suspensions were cultured at 1 0 6/ml in 1 0  ml 
volumes in upright Falcon Flasks (number 3024F). 
After 5 days, cells were harvested, washed twice in 
RPMI 1640 and viable cells used as effectors in the 
cytotoxic T-cell assay.
Cytotoxic T-cell assay
Primary and secondary in vitro assays were carried out 
as described previously (Jeggo & Wardley, submitted 
for publication). Briefly, 106  effector cells obtained 
from the spleens o f mice which had undergone 
infection with BT virus were added in 100 p\ amounts 
to flat-bottomed microtitre plates. BT virus and 51Cr 
labelled L929 cells acted as target cells and were added 
at 104  cells per well in 100 pi amounts. Plates were 
incubated at 37° in a humidified incubator containing 
5% CO2 in air for 7 hr and centrifuged at 200 g  for 1 
min before half the contents o f each well were 
harvested. Percentage specific release o f 51Cr was 
calculated as follows: % specific lysis (SL) =  [(effector 
cell/target cell release — target cell alone release)/ (total 
releasable 5 1C r—target cell alone release)] x 100. Total 
releasable 51Cr was calculated from release in the 
presence o f 1% Triton x 100.
‘Cold target’ competitive inhibition assay 
Details o f this assay procedure have been described 
elsewhere (Zinkernagel & Doherty, 1975). Briefly, 
unlabelled or ‘cold’ L cells infected with the appro­
priate BT type were mixed with effector spleen cells. 
This was immediately followed by the addition o f 51Cr 
labelled L cells infected with a different bluetongue 
type, the rest o f the assay was then carried out as for 
the primary assay.
Antibody titrations
Sera from mice infected with bluetongue virus were 
titrated for the presence o f antibodies to BT virus by 
the group specific ELISA test (Hubschle, Lorenz & 
Matheka, 1981).
R E SU L T S
Reciprocal mouse and target cell priming with six 
different types o f  live BT virus revealed a pattern o f  
complete and variable cross-reactivity (Table 1). N on­
immunized mice and uninfected target cells exhibited 
low levels o f specific lysis. Although a varied cross­
reactivity occurred, the following points emerge: (i) 
there was no clear preference for the homologous 
interaction; (ii) certain BT type raised effector cell 
populations which were better able to lyse the six BT 
type infected target cells. In particular those produced 
by BT types 1, 6  and 10; (iii) certain BT type infected 
targets were more readily lysed by the various effector 
cells, e.g. BT types 1 and 10 infected targets, (iv) BT16
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Table 1. Percentage specific lysis o f  various bluetongue virus type induced 
CTL’s* against various bluetongue virus type infected target cellsf
Effector
cell
types
Target cell types
Mean (%) 
Lysis 
across six 
targets UninfectedOne Three Four Six Ten Sixteen
One 33$ 23 24 31 47 8 27-6 2
Three 14 9 8 11 13 0 9-2 2
Four 19 15 2 0 7 28 2 15-1 1
Six 31 19 17 25 42 7 23-5 2
Ten 29 2 0 2 1 2 0 42 4 2 2 - 6 0
Sixteen 8 2 5 3 14 0 5-3 2
Control§ 1 5 5 3 1 0 —
* C3H mice spleen cells: C3H mice inoculated 7 days previously with 
approximately 106 T C ID 50 BT virus intraperitoneally.
t  L929 cells infected approximately 24 hr previously with 5 x 106 T C ID 50 
o f  BT virus.
J Percentage specific lysis: 7 hr assay; 100:1 effector to target cell ratio. 
Minimum o f  three separate assays, two mice per assay. Standard error less 
than 7%.
§ Uninfected C3H mouse spleen cells.
induced effector cells and infected target cells gave low  
levels o f specific lysis against the other five types 
examined.
In vitro secondary stimulation
In vitro secondary stimulation o f BT type 4 primed
Table 2. Percentage specific lysis following in vitro 
secondary stimulation with various bluetongue virus 
types* o f  bluetongue type 4 memory cellsf
In vitro stimulant
o f  memory cells Target cellsf
1 ml BT4 (106 8  TC ID 5o/ml) 44-3§
1 ml BT4 (108TC ID 5o/ml) 43-3
1 ml BT10 (106TCID 5o/ml) 4 4 . 4
1 ml BT3 (106TCID 5o/ml) 17-9
* Effector cells stimulated and held for 5 days in 
upright falcon flasks before assay. 25:1 Effector to 
target cell ratio, 7 hr assay at 37°.
f  C3H mice spleen cells. Mice inoculated 3 weeks 
previously with 106 '8 T C ID 50 BT4 given intraperi­
toneally.
f  L929 cells infected with BT type 4.
§ Percentage specific lysis difference between in­
fected and uninfected L-cell values.
spleen cells with BT types 4, 10 and 3 gave rise to 
specific lysis (Table 2) against BT 4 infected targets. 
Secondary stimulation with BT type 10 and type 
4 gave similar levels o f  lysis against BT virus type 4 
targets, whilst BT type 3 gave a lower but significant 
degree o f lysis (Table 2). In vitro secondary stimulation 
o f BT type 4 primed spleen cells with BT type 4 
produced CTL’s which lysed BT types 4, 10 and 3 
infected target cells (Table 3), although again a lower 
level o f  lysis occurred against BT 3 infected targets, 
whilst BT type 10 infected targets gave the highest level 
o f lysis. Although secondary stimulation gave rise to 
cell populations which produced levels o f  iysis approx­
imately twice those seen in primary assays, the ratio o f  
the same target/effector cell combinations was similar, 
e.g. in primary assay BTV4 effector on BTV4 infected 
targets =  20% SL (Table 1) BTV4 memory cells 
stimulated with BTV4 and tested on BTV4 infected 
targets 36-7% SL (Table 3) ratio 1:1-84. BTV4 effec­
tors on BTV10 infected targets 28% SL (Table 1) 
BTV4 memory cells stimulated with BTV4 and tested 
on BTV10 infected targets 53% SL (Table 3) ratio 
1:1-89. Thus, secondary stimulation in vitro o f  BT 
virus type 4 memory cells with various bluetongue 
types produces CTL’s which will lyse various BT type 
infected targets and the pattern o f this cross-reactivity 
is similar to that found in the primary in vivo 
stimulation assay.
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Table 3. Percentage specific lysis against various 
bluetongue virus infected target cells following  
bluetongue virus in vitro  stimulation o f  BT4 
memory cells
Target cells
In vitro stimulant
o f  memory cells* BT4 BT3 BT10
106TCID 5o/ml BT4 36*7f 15 53
N one 8 -8 6 16
* C3H mice spleen cells. Mice inoculated 3 
weeks earlier with 1 0 6 '8TC ID 5o BT4 given intra- 
peritoneally.
f  Percentage lysis using 51Cr release assay. 
Seven hour assay at 37°, 25:1 effector to target 
cell ratio.
Table 4. Percentage specific lysis o f  various bluetongue virus 
infected targets by CTL’s induced following inoculation o f  
BT type 4 primed mice with various BT virus in vivo
Effector cells* 
second in vivo 
inoculation
Target cellsf
BT4 BT10 BT16 Uninfected
BT4 9J 8 8 2
BT10 8 2 5 2-5
BT16 23 19 24-5 0
Pseudorabies virus 7-5 9 3-5 0
* C3H mice spleen cells. Mice inoculated 2 weeks before 
second in vivo inoculation with 106'8TCIDso BT4 given 
intraperitoneally. Second inoculation approximately 
1 0 6TC ID 5o o f  virus intraperitoneally. 
f  L929 cells infected with various BT virus types.
{ Percentage specific lysis following 7 hr 51Cr release assay, 
1 0 0 : 1  effector to target cell ratio.
Double in vivo immunization procedures
Following the immunization o f  C3H mice with two 
inoculations o f  BT virus, the CTL populations and 
antibodies induced were examined. Mice responded to 
BT virus type 4 immunization by producing a specific 
antibody. One inoculation produced sera which gave 
optical density readings on an ELISA o f 0-4 which 
increased to 0-85 on two inoculations.
CTL production in mice initially immunized with 
BT type 4 and inoculated 2 weeks later with either BT 
type 4, BT type 10 or pseudorabies virus caused only 
low levels o f lysis against L cells infected with BT types 
4, 10 or 16. However, BT type 4 immunized mice
inoculated with BT type 16 evoked CTL’s which 
caused higher levels o f lysis against all three BT type 
infected targets (Table 4). This lysis is all the more 
significant when compared with that induced by a 
single inoculation o f BT type 16 (Table 1).
A  probable explanation for the results from the 
double immunization procedure is that BT type 4 
immunized mice will produce antibodies which will 
neutralize both types 4 and 10 as from the work o f 
Erasmus (personal communication) some degree o f  
antibody cross neutralization occurs between types 4 
and 1 0  but not 16 and thus these secondary inoculated 
mice fail to produce high levels o f CTL’s. However, 
following BT type 16 inoculation, no neutralization 
occurs and an enhanced CTL response follows. A  
similar explanation has been used to explain analo­
gous experiments with the influenza type A viruses 
(Effos, Doherty, Gerhard & Bennink, 1977) and VSV 
(Rosenthal & Zinkernagel, 1980).
‘Cold target’ competitive inhibition assay
Relationships between BT virus types 10, 16 and 6  
were examined by interposing virus infected unla­
belled L cells between effectors and targets. Optimum 
results were obtained at a ratio o f cold targets to 51Cr 
labelled targets o f 8 :1 (Fig. 1). In the case o f BT virus 
type 10 evoked effector cells, BT type 10 infected cold 
targets successfully inhibited homologous lysis, 
whereas type 6  cold targets caused less inhibition. If 
CTL subsets are produced against group and type 
antigens homologous cold targets will compete against 
both causing the maximum inhibition, whereas 
heterologous cold targets will only compete at the 
group level causing a less marked inhibition. Using BT 
virus type 6  cold targets with 1 0  effectors, a reduced 
effect occurred whilst BT virus type 16 cold targets had 
little or no effect. The low activity o f BT virus type 16 
cold targets in this assay reflects similar observations 
in the primary assay (Table 1) where BT virus type 16 
only evokes low levels o f CTL’s and where type 16 
infected targets show low levels o f specific lysis in the 
presence o f  heterologous effectors. In the homologous 
BT virus type 6  test, however, where cold type 6  targets 
might be expected to cause the greatest inhibition, type 
1 0  targets again resulted in the highest level o f  
inhibition. These results further demonstrate the 
cross-reactive nature o f BT virus evoked CTL’s and 
again reflect the ability o f certain BT types to cause 
more cross-reaction than other types.
Cross-reactive B T  virus C T L ’s 633
20
E f f e c to r  B.T. 10 
T a rg e t  B.T. 10
X\  v\
CX.
\
9 >
20
10
•  E f f e c to r  B.T. 10 
\  T a r g e t  B.T. 6  
\
* —\*
'■{]
V
,9- 20 -
E f f e c t o r  B.T. 6  
T a r g e t  B.T. 10
20
10
2  4  8  16
R a t io  o f  co ld  t a r g e t s
E f fe c to r  B.T. 6  
T a r g e t  B.T. 6
\
--0-\-—□ 
\
>3
2  4
1 C r t a r g e t s
Figure 1. Inhibition o f  immune spleen cell effectors (100:1) in a 7 hr assay using different ratios o f  cold, unlabelled competitor 
cells. The competitors were normal L cells, or L cells infected with Bluetongue types 10, 6 or 16. Both cold and labelled L cells 
were added to the effector cells at the same time. Cold targets BT 10 (O— O); BT 6 ( • -  - • ) ;  BT 16 (* --* ); uninfected (□  - □). 
Level o f  lysis (X) with no cold targets shown on vertical axis.
Relations with other orbiviruses
Ibaraki, Epizootic Haemorrhagic Disease (EHD) and 
Corriparta virus infected L cells were not lysed by 
either BT 1 or BT 16 induced CTL’s (Table 5). 
Serologically EHD and Ibaraki are considered closely 
related to BT virus (Borden, 1981). The lack o f
cross-reactive CTL’s between these viruses again 
indicates that the antigens concerned with protective 
serological and CMI responses are different and that 
the cross-reactive CTL-evoking antigen which is 
present on BT viruses is different from that present on 
other orbiviruses.
Table 5. Percentage specific lysis o f  BT1 and BT16 induced 
CTL’s against various orbivirus infected target cells
Target cellsf
Effector cells* BT1 BT16 Ibaraki E H D } Corriparta
BT1 24§ 3 0 0 0
BT16 11 5 0 0 0
* C3H mice spleen cells. Mice immunized 7 days previously 
with 106'8TCID5o BT virus type 1 or 16.
f  L929 cells infected with appropriate virus. Approxima­
tely 5 x 106TCID5o. 7 Hr 51Cr release assay. 100:1 Effector to 
target cell ratio.
{ Epizootic Haemorrhagic Disease virus.
§ Percentage specific lysis difference between infected and 
uninfected L-cell values.
D ISC U SSIO N
The specificity o f  recognition by the BT virus evoked 
cytotoxic T cells was shown to have no clear preference 
for the homologous type (Table 1).
In contrast to this lack o f discrimination on the part 
o f the T-cell response, the humoral response to BTV  
appears to be type specific (Howell, 1963) and until 
recently (Stott et al., 1979) the production o f anti­
bodies either by attenuated or killed BT virus vaccines 
was the criteria by which such vaccines were assessed. 
A similar situation had existed with influenza virus, 
but here the discovery o f  cross-reactive T cells (Effros 
et ah 1977; Zweerink et ah, 1977) followed by 
functional assays which have shown their importance 
in heterotypic challenge (Webster & Askonas, 1980),
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has meant that vaccine procedures can now be func­
tionally assessed in terms o f both humoral and cell 
mediated immunity (Webster & Askonas, 1980). 
Apart from these two viruses cross-reactive T cells 
have also been described for vesicular stomatitis virus 
(Rosenthal & Zinkernagel, 1980) and flaviviruses 
(Gajdowa et al., 1980) and the possibility exists that 
this phenomenon may play a role in heterotypic 
immunity in other virus groups.
The level o f responsiveness o f  both T and B cells to 
BTV is presumably regulated by both T-helper and 
suppressor cells. Although previous work has sug­
gested that the receptor repertoire is similar for both 
(Binz & Wigzell, 1975) the results between the BT virus 
types (Table 1 ) and between other orbiviruses (Table 
5) together with the influenza and vesicular stomatitis 
virus work suggest that distinct antigens are being 
recognized by the humoral and cellular immune 
systems. This particular facet o f  influenza immu­
nology has received much attention (Zweerink et al., 
1977; Effros et al., 1977) and a number o f different 
explanations have been argued. With the advent of 
m onoclonal antibodies the immunodominance o f  
the influenza haemagglutinin molecule for antibody 
responses and its strict type response is in no doubt. 
Although there is evidence that T cells may also 
recognize part o f the haemagglutinin molecule 
(Askonas & Webster, 1980; Koszinowski, Allen, 
Gething, Waterfield & Klenk, 1980; Braciale, Andrew 
& Braciale, 1981), it has been suggested that the 
internal RNP and M protein may account for this 
cross-reactivity (Biddison, Doherty & Webster, 1977; 
Reiss & Schulman, 1980). With BT virus, such elegant 
analysis o f purified viral proteins has not been done, 
although sites on type-specific proteins 2 and 5 and the 
group antigen protein 7 (Huismans & Howell, 1973) 
are possible candidates for T-cell recognition.
Our results in mice are similar to parallel studies 
with influenza virus. With influenza virus, data have 
also accumulated indicating the functional impor­
tance o f cell-mediated immunity (Larson, Tyrrell, 
Bowker, Potter & Schild, 1978) in protection in both 
man and mice (Webster & Askonas, 1980). The fact 
that BT virus is not lethal for mice, including nude and 
irradiated animals (unpublished observation) and that 
viraemias are o f low levels and short duration (Jeggo & 
Wardley, unpublished observations) make the assess­
ment o f the functional importance o f CTL’s in BT 
virus infected mice difficult. Further, virus-specific 
CTL’s remain to be identified in sheep. If, however, 
functionally important cross-reactive CTL’s are
shown to exist then this would prompt a further look  
at present vaccine policy. Firstly, we have previously 
shown that live virus is a prerequisite for a primary 
CTL response (Jeggo & Wardley, unpublished obser­
vations). Secondly, it is apparent that with the types 
tested certain BT virus types are more effective at 
inducing CTL’s than others and if a broad heterotypic 
immunity may be advantageous then these should 
have priority as vaccine types. Thirdly, multiple 
vaccinations may be contraindicated if broad cross­
protection is wanted as neutralizing antibody appears 
to decrease the cross-reactive CTL response. It should 
be stressed that the importance o f these factors will 
only be fully realized if sheep CTL’s can be demon­
strated to have a protective effect. However, in recent 
work at this Institute, sheep infected with type 4 
followed by type 3 have resisted challenge with 
type 6 , although no neutralizing antibody to this type 
was demonstrable at the time o f challenge (Jeggo, 
unpublished observation) perhaps indicating a cross- 
protective CTL response.
It is also o f interest to  note that the original 
protection work o f Neitz in the 1940s, which showed 
far fewer groups than subsequent in vitro neutraliza­
tion tests (Howell, 1963), i.e. more cross-protection 
between isolates, might well reflect the importance of  
this heterotypic response and not ‘be merely a 
demonstration o f the fallibility o f cross-protection 
tests’ (Howell, 1963).
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Production of murine cytotoxic T lymphocytes by bluetongue virus 
following various immunisation procedures
M. H. JEGGO, R. C. WARDLEY
Anim al Virus Research Institute, Pirbright, Surrey
The induction of bluetongue virus specific cytotoxic 
T lymphocytes (CTLs) in C3H mice by various live 
and inactivated bluetongue virus preparations was 
studied. Live virus preparations were shown to 
induce good levels of CTLs; however, inactivation of 
virus preparations either by beta propriolactone or 
glutaraldehyde induced only a low level response. 
The use of Freund’s adjuvants and double immunisa­
tion procedures failed to improve the response of the 
inactivated preparations. These findings are 
discussed in relationship to protection from blue­
tongue disease with various bluetongue virus 
vaccines.
BLUETONGUE virus (BTV) is transmitted to sheep 
by an insect vector and its control by means other 
than vaccination can present problems. However, 
even in endemic areas the use of live attenuated 
vaccines has drawbacks (Stott et al 1979), and it 
might be preferable to use inactivated preparations. 
At present it is not clear which host effector 
mechanism is responsible for protection and vaccines 
cannot yet be prepared to induce particular effector 
responses. Stott et al (1979) showed that an AEI 
inactivated vaccine preparation conferred protection 
in the absence of neutralising antibodies but in the 
presence of a cellular immune response as measured 
by blastogenesis. Again, in mice, BTV has been 
shown to be capable of inducing BTV specific cross­
reactive cytotoxic T lymphocytes (CTLs) (Jeggo and 
Wardley 1982). These findings suggest that the cell 
mediated response to BTV may be important in 
protection. An investigation was therefore under­
taken to investigate the ability of live and inactivated 
preparations to produce a cell mediated response as 
measured by the induction of CTLs.
Materials and methods
Viruses
BTV types 10 and 3 (obtained originally from the 
Veterinary Research Institute, Onderstepoort) were 
passaged once or twice in egg embryos before
adaptation to baby hamster kidney (BHK) cells 
(passage numbers are given following the bluetongue 
number). BT type 4 was obtained as an original 
isolate from the 1969 Cyprus bluetongue outbreak, 
and was designated ASot 1. This was plaque purified 
and used as BT4 (BHK4). Bluetongue virus titrations 
were carried out in BHK cells using roller tubes and 
the titres expressed as the tissue culture infective dose 
for 50 per cent of tubes infected (TCID50).
Virus inactivation
Beta propriolactone (BPL ). — BPL inactivation 
was carried out as described previously (Parker et al 
1975). To summarise, 0 3 per cent BPL and virus 
were allowed to react for 30 minutes at 37°C and 
then overnight at 4°C.
Glutaraldehyde inactivation. Virus infected fixed 
cell vaccines were prepared according to the method 
of Powell (1975). In summary, BTV infected L929 
cells expressing maximal surface membrane viral 
antigen were reacted with 0 15 per cent glutaralde­
hyde for 30 minutes, a time known to inactivate 
BTV. These fixed cells were then emulsified with 
equal volumes of Freund’s complete or incomplete 
adjuvant.
M ouse immunisation
C3H mice were immunised by 0 5 ml intra- 
peritoneal inoculation of live or inactivated virus 
preparation with or without adjuvant. Single 
inoculation was followed by spleen cell harvest seven 
days later. In animals inoculated twice the second 
inoculation was 14 days after the first. Spleen cell 
harvest then occurred seven days after this second 
inoculation.
Preparation o f  spleen cells
Single cell suspensions of mouse spleen cells were 
prepared in accordance with the method of Lawman 
et al (1980). These cells were either used in primary
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cytotoxicity assay or cultured in vitro for secondary 
assays.
In vitro culture and infection o f  spleen cells
Spleen cells were adjusted to a cell concentration 
o f 2 X  106/m l and cultured in upright Falcon Flasks 
(Flow Laboratories) at a cell density o f  lOVcm2 in 
12 ml o f  RPMI 1640 with 10 per cent fetal calf 
serum (inactivated for 30 minutes at 56°C), 2 mM 
glutamine, 100 units/m l penicillin, 0 -2  m g/m l 
streptomycin, 25 mM HEPES buffer and 5 x  10'5 M
2-mercaptoethanol. One ml o f  live or BPL inac­
tivated virus was added and flasks incubated for five 
days in humidified 5 per cent carbon dioxide at 37°C. 
Cells were then harvested, washed and counted for 
use in the cytotoxicity assay.
C ytotoxicity assay
These were performed according to the method o f  
Lawman et al (1980). Briefly, spleen cells were 
suspended in RPMI 1640 containing 7 per cent fetal 
calf serum buffered with HEPES, and added to flat 
bottomed microtitre wells containing 51 chromium 
labelled L929 cells as targets, to give a final effector 
to target cell ratio o f  100:1 for primary assays and 
25:1 for secondary assays. These target cells had been 
infected 24 hours previously with BTV. Assays were 
carried out at 37°C for seven hours and 50 per cent o f  
the well content harvested for radioactive counting. 
Controls included target cells alone and unim­
munised mouse spleen cells.
Per cent specific chromium release was calculated 
as follows:
TABLE 1: Induction of CTLs in C3 H mice following inoculation* 
with live and BPL inactivated bluetongue virus
°7o specific lysis =
cpm release from test — 
cpm release in controls 
total releasable counts — 
cpm release in controls
x  100
Im m u n isa tio n  p ro c e d u re
T a rg e t  cell ly sis+  e x p re s s e d  a s  %  o f 
v a lu e  o b ta in e d  w ith  live v iru s  
In fe c te d  U n in fe c te d  D iffe re n ce
1 x  live v iru s4 1 0 0 0 1 0 0
2  x  live v iru s 92 4 8 8
1 x  in a c tiv a te d  v iru s ! —
2  x  in a c tiv a te d  v iru s 0 0 0
1 x  in ac tiv a te d  v iru s  in FICA 0 0 0
2  x  in a c tiv a te d  v iru s  in FICA 0 0 0
1 x  in a c tiv a te d  v iru s  in FCA 0 0 0
2  x  in a c tiv a te d  v iru s  in FCA 0 0 0
* C3 H m ic e  in o c u la te d  w ith  0 - 5  ml in tra p e r i to n e a lly  e i th e r  o n c e  
a n d  t e s t e d  s e v e n  d a y s  la te r  o r  tw ic e , t h e  tw o  in o c u la tio n s  
s e p a r a te d  b y  tw o  w e e k s  a n d  th e n  t e s t e d  s e v e n  d a y s  la te r .  M e an  
re s u l ts  f ro m  th re e  s e p a r a te  e x p e r im e n ts .  T w o  m ic e  p e r  
im m u n is a tio n  p ro c e d u re .  S D  le s s  th a n  7  p e r  c e n t  
t  E ffe c to r  ce lls  — C3 H m ic e  s p le e n  c e lls . T a rg e t  c e lls  L ce lls  
in fe c te d  2 4  h o u r s  b e fo re  a s s a y  w ith  BT4 a n d  lab e lled  w ith  51 C r. 
S e v e n  h o u r  r e le a se  a s s a y ;  100:1 e f f e c to r  t o  t a r g e t  cell ra tio  
4  B T 4 T C ID 5 0 1 0 6 ' 8
§ In a c tiv a te d  b y  B P L  (30  m in u te s  a t  3 7 ° C , 18 h o u r s  a t  4 ° C , 
0 - 3  p e r  c e n t  BPL)
FICA F r e u n d 's  in c o m p le te  a d ju v a n t  
FCA F r e u n d 's  c o m p le te  a d ju v a n t
TABLE 2: Induction of CTLs in C3 H mice following inoculation* 
with live and glutaraldehyde inactivated bluetongue virus 
infected cells
Im m u n isa t io n  p r o c e d u r e ^
T a rg e t  cell ly sis+  e x p re s s e d  a s  %  o f 
v a lu e  o b ta in e d  w ith  live v iru s  
In fe c te d  U n in fe c te d  D iffe re n ce
1 x  live v iru s 1 0 0 1 - 1 9 8 - 9
2  x  live v iru s 97 7 90
1 x  in a c t iv a te d  v iru s ! 28 6 2 2
2  x  in a c tiv a te d  v iru s 59 9 50
1 x  in a c tiv a te d  +  FICA 5 4 1
2  x  in a c tiv a te d  +  FICA 0 0 0
1 x  in ac tiv a te d  +  FC A 24 1 4 -7 9 - 3
2  x  in a c tiv a te d  +  FC A 3 5 -7 1 3 9 1 8 -2
* 1 4  A s  in T a b le  1
§ In a c tiv a te d  b y  0• 15 p e r  c e n t  g lu ta ra ld e h y d e  3 5  m in u te s  a t  4 ° C
A n tibody estimation
Mouse serum antibody was titrated using the 
group specific ELISA test (Hiibschle et al 1981).
Results
Mice inoculated with live BTV produced a CTL 
response as measured by the 5'chromium release 
assay (Table 1). A  second inoculation o f live virus 21 
days later failed to increase the level o f  this lysis 
(Table 1). BPL inactivated virus preparations, 
whether given in a single or double inoculation or 
with adjuvant, failed to induce lysis (Table 1). After 
inactivation with glutaraldehyde, however, lysis was 
observed but only at a low level (Table 2). Two
inoculations o f  a preparation o f  fixed cells without 
adjuvant resulted in the highest level o f  lysis, 
although this was considerably below that observed 
with live virus preparations. Adjuvanted prepara­
tions produced even lower levels o f  lysis and the 
reason for this remains to be elucidated.
The ability o f  live or BPL or glutaraldehyde 
inactivated virus to induce memory cells is shown in 
Table 3. Live virus induced memory cells were 
activated by homologous or heterologous bluetongue 
types to produce CTLs. The degree o f  lysis 
stimulated in secondary assays varied and depended 
on the virus type used, as has been shown previously 
(Jeggo and Wardley 1982). Inactivated preparations 
also induced memory cells which, on secondary in 
vitro stimulation, were able to effect specific lysis
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TABLE 3: Production of specific CTLs by secondary in vitro 0 .9 -
stimulation of spleen cells from C3 H mice after various
immunisation procedures
0 . 8 -
51 Cr re le a se  a s sa y *
S e c o n d a ry 0 .7 -
P rim ary  in vivo+ in v itro ^ In fe c te d U n in fe c te d
s tim u la n t s t im u la n t t a r g e ts t a r g e ts  D iffe re n ce 0 . 6 -
Live BT4§ Live BT4 5 5 -8 * * 1 1 -5 4 4 -3 >-
n tt Live BT10 6 3 -8 1 9 -5 4 4 -4 , c 0 .5tt t, Live BT3 5 4 -5 3 6 -6 1 7 -9 <u■0
1 t tt In a c t  BT4 4 9 -6 3 7 -7 1 1 -9 "ta
It tt N o n e 38 26 1 2 0 0 .4 -
BPI in a c tiv a te d Q.O
BT4II Live BT4 1 5 -3 3 -7 1 1 - 6 0 .3it 11 Live BT 10 2 7 -3 9 - 9 1 7 -4
11 11 Live BT3 2 0 -7 1 2 -4 8 - 3
11 it In a c t  BT4 25 2 2 - 2 2 - 8 0 . 2 -
tt it N o n e 1 6 -8 1 0 - 2  . 6 - 6
G lu ta ra ld e h y d e 0 . 1
in ac tiv a te d  BT4 H Live BT4 11 4 7
,, In a c t  BT4 7 -1 3 - 2 3 - 9
N o n e 5-1 2 3 -1
- □---- -~n^' \
' □  Live x 2
-O-
FCA inactivated x 2
FCA inactivated x 1 
■V
\  FICA inactivated x 2
Live x 1□ ~
O  FICA inactivated x 1
J  L
Inactivated x 1
S e v e n  h o u r  c h ro m iu m 51 r e le a se  a s s a y .  E ffe c to r  to  t a r g e t  cell 
ra tio  o f  25:1
T a rg e t  ce lls  — L929 c e lls  in fe c te d  2 4  h o u r s  p rev io u s ly  w ith  
BTV ty p e  4
E ffe c to r  ce lls  — five  d a y  o ld  in v itro  g ro w n  C 3 H m ic e  s p le e n  ce lls  
C 3 H m ice  in je c te d  w ith  0 - 5  ml in tra p e r i to n e a lly  o f  p re p a ra tio n . 
Killed s e v e n  d a y s  la te r  a n d  s p le e n  ce lls  h a rv e s te d  a n d  m a in ta in e d  
o n  RPM I in F a lco n  f la sk s
S t im u la n t  a d d e d  o n  d a y  1 to  in v itro  c u ltu re d  s p le e n  cells
A p p ro x im a te ly  106T C ID 50 o f live BTV ty p e
0 - 3  p e r  c e n t  BPL 30  m in u te s  a t  3 7 °C  o v e rn ig h t  a t  4 °C
0 - 1 5  p e r  c e n t  g lu ta ra ld e h y d e  3 5  m in u te s  a t  4 °C
P e r c e n t  sp e c if ic  lysis . M e an  v a lu e  o f  a t  le a s t  tw o  s e p a r a te
e x p e r im e n ts .  S D  le s s  th a n  7  p e r  c e n t
20 40 80 160 320 640 1280 2560
R ec ip ro c a l s e ru m  d ilu tio n
FIG 1: Measurement o f  the serum antibodies produced in C3 H mice 
following the intraperitoneal injection o f  various bluetongue virus 
preparations, using the group specific ELISA test. (Pooled  sera from  
two mice per preparation.) x  1 — single intraperitoneal injection o f  
0-5  ml o f  preparation. x 2  — double intraperitoneal injection o f  
0 -5  ml o f  preparation. Sera collected 10 days after final injection. 
Live — BT type 4 107-4TCID50/m l. Inactivated — BT type 4 
inactivated by 0 -3  BPL for 30 minutes at 37°C  and overnight at 4°C . 
FCA inactivated — inactivated as above and emulsified with an 
equal volum e o f  Freund’s com plete adjuvant. FICA inactivated —  
inactivated as above and em ulsified with an equal volum e o f  
Freund’s incom plete adjuvant
(Table 3). However, as was observed with the 
primary stimulation, the level o f  lysis was much 
lower than that caused by live virus preparations.
The antibody response as measured by the group- 
specific ELISA test, following administration o f live 
and inactivated virus, is shown in Fig 1. Clearly, two 
inoculations o f  live virus were most effective in 
inducing a • high level antibody response while 
inactivated virus without adjuvant was least 
effective.
Discussion
The concept that recovery from many viruses is a 
function o f a cell mediated response is now well 
established and, although many different T cell 
subsets have been recognised, it appears that cyto­
toxic T cells may act by destroying virus-infected cells 
and preventing virus spread (Zinkernagel and Welsh 
1972, Blandon 1974). The evidence that cell mediated 
immunity plays a role in BTV infections is increasing 
(Stott et al 1979, Jeggo and Wardley 1982) and we 
have also noticed that in sequential challenge 
experiments using different BTV types sheep have
shown resistance to challenge in the absence o f  
neutralising antibody (Jeggo, unpublished data). 
Although a role for CTL remains to be proven in the 
sheep, work in other animals has shown the import­
ance o f these cells (Webster and Askonas 1980) and 
we have also recently measured significant develop­
ment o f BTV induced CTLs in sheep undergoing 
BTV infections (Jeggo and Wardley, unpublished 
observation). It thus seems probable that CTLs are 
important in BTV recovery and protection, and 
hence their induction can be assumed to be a 
desirable characteristic o f any bluetongue vaccine 
preparation.
Our results indicate that on primary assays none o f 
the inactivated virus preparations produced a CTL 
response (Table 1), even though the preparations 
were immunogenic as shown by their induction o f 
antibody (Fig 1). On the other hand, virus infected 
fixed cell preparations induced a primary response 
which was improved by a second inoculation and 
such preparations may, as has been shown with other 
viruses (Powell 1975), provide an effective vaccine. 
Further work needs to be done to improve these 
preparations and to substantiate this claim. From a
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theoretical viewpoint, however, the presentation o f  
virus antigen fixed in a cell membrane has a number 
o f distinct advantages because o f  the way in which 
CTLs recognise and kill virus infected cells (Zinker- 
nagel and Welsh 1976, Davidson 1977). It may also 
be that virus induced products which would be 
present in fixed cell preparations and displayed at cell 
surfaces, but are not present in purified virus 
preparation, play some role in CTL induction.
The secondary stimulation assays may also supply 
an explanation for the protection seen by Stott et al 
(1979) using inactivated vaccines, in that although 
such preparations produce no primary CTL 
response, a low level o f  memory cells is induced 
(Table 3). Thus, on challenge, these cells could 
quickly proliferate to limit virus multiplication and 
clinical signs.
Evidence that the presentation o f  virus or induced 
antigens are responsible for the induction o f  an 
antibody or CTL response highlights the need for 
improved purified BTV preparations so that the
proteins responsible for these immune effects can be 
identified and used to produce improved vaccines.
R eceived fo r  publication N ovem ber 9, 1981
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Summary
After inoculation with live bluetongue virus, mice produced cytotoxic T 
lymphocytes (CTL) which showed virus and H-2 restriction. Inactivated prep­
arations failed to induce CTLs. On secondary in vitro stimulation, specifically 
sensitised memory cells also produced high numbers of CTLs. The need for repli­
cating virus to induce primary CTLs, evidence for partial type specificity and the 
role which cell-mediated immunity might play in the earty stages of a bluetongue 
virus infection are discussed.
Introduction
Bluetongue virus is an orbivirus affecting sheep, cattle, goats and wild rumi­
nants. Many aspects of the pathogenesis and immune response of infected animals 
to this virus are not fully understood (16) and both inactivated and attenuated 
vaccines have been advocated to help control the disease. In  South Africa atten­
uated vaccines have enjoyed widespread use in the control of the disease. How­
ever, the possibility of reversion to virulence, abortion in pregnant ewes, re- 
assortment among bluetongue (BT) virus genomes in multivalent preparations 
and possible persistence of vaccine virus in cattle make the use of live attenuated 
vaccines in bluetongue endemic areas questionable and precludes their use in non­
endemic areas. I t  is therefore essential to evaluate the ability of various inacti­
vated vaccine preparations and vaccine protocols.
Workers have recently suggested that a cell-mediated immune (CMI) response 
is involved in protection from BT virus re-infection and that sheep produce such 
a response on administration of an inactivated vaccine (28). Of the T cell subsets 
involved in CMI responses (1, 3), cytotoxic T cells have the ability to destroy 
virus-infected cells early in infection and so prevent viral spread (32). CTL in­
duction by bluetongue virus was studied in a mouse model with special reference 
to the ability of live and inactivated preparations to produce CTLs in vivo or on 
secondary stimulation in vitro.
0304-8608/82/0071/0197/$ 02.00
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M aterials and M ethods
Viruses
Bluetongue virus types four, three and tw o (B T 4, B T 3, B T 2) were originally  
obtained from the Veterinary Research Institu te, Onderstepoort. B H K  grown virus 
stocks were prepared by three passages in  suckling mouse brain followed by six  
passages (B T 4 and B T 2) or seven passages (BT3) in  B H K  cells; B T 4 mouse brain 
virus stocks were obtained by a further three passages in  suckling mouse brains. 
Titrations of virus were carried out in roller tubes using B H K  cells. Stock viruses 
had titres of 106-8 TCIDso/ml. The mouse brain BT 4 stock had a titre of 108-° TCIDso/ml. 
Pseudorabies virus was kindly supplied by the Central Veterinary Laboratory, 
W eybridge, and was grown in pig kidney cells (IB-RS-2).
A ll stock viruses were held at — 70° C prior to  use.
Virus Inactivation
Virus was inactivated  w ith  0.3 per cent beta-propiolactone (BPL) buffered w ith
0.1 M Tris (22). The m ixture was held at 37° C for half an hour and overnight at 4° C 
before use. H eat inactivation was carried out by holding the virus at 56° C for 60 m in­
utes. Residual in fectiv ity  was detected by  titration  in  B H K  cells.
V irus Isolation
Tissues from infected m ice were exam ined for virus using the following m ethod. 
H eart and a sm all section of spleen were rem oved im m ediately after killing the mice 
and stored at —70° C. Before titration, the heart and spleen were ground w ith sterile 
sand and the m ixture suspended in phosphate buffered saline containing 0 .2  per cent 
bovine album in (PBS/BSA) to  give a 10 per cent (w/v) suspension. After sonication  
the sam ples were centrifuged for 5 m inutes at 3000 rpm and the resulting supernatant 
was diluted in  10-fold dilution steps in P B S/B SA . D ilutions were then titrated in  
m onolayer roller tube cultures of B H K  cells, using 5 tubes per dilution.
M ice
C3H  (H -2k) m ice were supplied by the Laboratory Anim al Centre, Carshalton; 
th e Balb C (H -2d) m ice were reared at th is Institu te.
Six to  eight w eek old mice were im m unized by a single intraperitoneal injection  
of 0.5 m l of a stock virus or inactivated  virus and at various tim es afterwards were 
killed by cervical dislocation and the spleens removed aseptically.
Cells
L 929 (H -2k) and 3 T 3 B  (H -2d) cells were obtained from Flow  Laboratories and  
m aintained on E agle’s medium containing 10 per cent ox serum together w ith penicillin  
(1 1 0  units/m l) and streptom ycin (10  m g/m l).
Mouse spleen cell suspensions were prepared using the technique described b y  
L a w m a n  et al. (17) and finally resuspended in  RPM I 1640 m edium  containing 10 per 
cent foetal calf serum, 2 m M  H E P E S buffer and antibiotics at the above levels (RPMI- 
H E P E S).
T cell enriched population's were "obtained from mouse spleen cell suspensions by  
the nylon wool adherence technique of J u l i u s  et al. (13) or by treating suspensions 
w ith  rabbit anti-m ouse IgG serum plus normal rabbit serum to  provide a source of 
com plem ent. T cell depleted populations were obtained by treating cells w ith anti- 
thym ocyte sera (Miles Laboratories) and rabbit complement.
Experim ental Design
Confluent monolayers of L 929 or 3 T 3 B  cells in  90 mm plastic Petri dishes were 
sim ultaneously incubated w ith  100 gCi of N a 2 [51Cr] 0 4  (Radiochem ical Centre, 
Amersham) and 106-8 TCID 50 of B H K  grown BT virus type 4 or 3 for 1 hour at 37° C. 
Cells were washed tw ice in E agle’s medium, re-fed w ith fresh medium and left for 
24 hours, a tim e a t w hich a radioimmunoassay to  detect cell surface virus antigen gave
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m axim um  results. They were then removed from dishes w ith  trypsin and versene, 
washed three tim es in  E agle’s m edium  and adjusted in R PM I-H E PES to give 
105 cells/ml. N ow  designated as target cells, 104 were added in  100 fjd volum es to  the  
wells of flat-bottom ed m icrotitre plates. Effector cells were obtained from the spleens 
of mice that had been infected w ith BT virus and were suspended in  R PM I-H E PES  
and added to m icrotitre plates in  100 g.1 volum es. A ll assays were carried out in  six- 
well replicates using various effector-to-target ratios. P lates were incubated at 37° C 
in  a humidified incubator containing 5 per cent CO2 in  air for 7 hours and then centri­
fuged at 200 X g for 1 m inute before harvesting. H alf of the contents of each well 
were taken and used to estim ate the release of [51Cr], using a gamm a counter (MR 1032, 
Kontron Ltd.).
The percentage specific release of [51Cr] was calculated as follows: (Effector cell/ 
target cell release m inus target cell alone release) divided by (total releasable chromium  
m inus target cell alone release) m ultiplied by 100. T otal releasable chromium was ob­
tained by  exposing target cells to 2.0 per cent Triton X -100.
For in  vitro culture, spleens were rem oved from m ice inoculated at least 14 days 
previously w ith  inactivated  or live stock B T 4  virus. F ifteen  m l of a spleen cell suspen­
sion adjusted to contain 1 x  106/m l in R PM I-H E PES plus 5 X 10-5  M 2-mercaptoethanol 
were incubated in  plastic flasks (Falcon flask number 3024F) w ith 1 m l of live or 
heat-inactivated BT 4 for 5 days at 37° C in  a hum idified atm osphere containing 5 per 
cent CO 2. Prior to  the cy totox icity  assay the cells were harvested, the viable cells 
counted, approxim ately 30 per cent of cultured cells, washed tw ice in  E agle’s medium  
and resuspended in  R PM I-H E PES.
Results
Induction of Cytotoxic T  Lymphocytes 
Primary Induction
Infection of C3 H mice with BT4 gave rise to the development of cytotoxic 
spleen cells which caused the maximum lysis (28 per cent) of target L cells be­
tween 7 and 8  days post infection and dropped to undetectable levels by 18—20 
days after infection (Fig. 1). There was a fall in the extent of lysis as the effector-
30
30
20
, days posf infection
Fig. 1. D evelopm ent of CTLsa against B luetongue typo 4 infected L cells
* ---------- *  Difference between infected and uninfected, •  • • • • uninfected L cells,
□ • • • □ infected L cells, a C3H  mice spleen cells. Mice im m unized w ith 0.5 X 106-8/m l
TCID 50 Bluetongue type 4
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to-target ratio was reduced from 100:1 to 25:1 (Table 1). Uninfected cells were 
also lysed by spleen cells harvested between 2 and 7 days after infection but the 
level of lysis was always very much lower than that seen in infected cells (Fig. 1). 
Although after 7 days, lysis of uninfected cells was normally less than 2.5 per cent 
on some occasions higher levels did occur (Table 1) the reason for this variability 
is not known.
Similar numbers of CTLs were produced whether mice were infected with 
virus from mouse brain or from BHK cells and so virus grown in BHK cells was 
used routinely. Unlike previous workers (20), we found (Table 3) that BHK or 
mouse-adapted virus could be recovered from the heart or spleen of mice following 
intraperitoneal inoculation. The titres of virus reached a peak between 3 and 
4 days after infection, the time of which CTL activity appeared (Fig. 1); by 
8  days virus was no longer recovered. However, in spite of this replication, the 
development of CTLs was shown to depend on the immunising dose of virus given 
(Table 2).
Mice inoculated with virus inactivated with heat or BPL did not produce 
CTLs (Table 2), so live virus is needed for the primary induction of CTLs by a 
single inoculation.
Table 1. P rim ary induction of anti-bluetongue C T L  using various effectora to targetb
cell ratios
E ffector:
Target cell ratio
% specific lysisc
Infected targets N on-infected targets Difference
1 0 0 :1 43.6 13.3 30.3
50:1 28 8.3 19.7
25:1 16 7.4 8 .6
a C3H spleen cells im m unized 7 days previously w ith  0.5 X 106-8 TCIDso/ml BT4 
b L cells +  BT 4
c 7 hour assay tim e. Minimum of 2 m ice per experim ent. Lysis expressed as a mean  
of the individual mouse results
Table 2. P rim ary  induction of anti-bluetongue virus C T L  using various effector cell
populations
% specific lysisa
Effector cell population Stim ulant L cells +  BTV L cells
Im m une C3H  spleen cells 106-8 B TY  4 mouse brainb 35.3 1.1
106.s B T V 4 B H K 35.7 0.7
103.0 B T V 4 B H K 9.6 2.1
lO i.o  B T V 4 B H K 7.0 1.6
10s -8 B TV  B PL  inactivated 0 .0 0.7
106-8 B TV  56° C 60 m inutes 0 .0 0 .0
a Mean of 6 a ssays; assay tim e 7 hours. Effector to  target cell ratio of 100:1. Standard  
error less than 6 per cent 
b Mice inoculated 7 days prior to assay w ith 0.5 m l of virus. Minimum of 2 mice per 
experim ent. L ysis expressed as a m ean of the individual mouse results
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Secondary Induction 
Spleen cells from mice infected at least 14 days previously with live virus 
developed high levels of cytotoxicity upon secondary stimulation in vitro with 
either live or inactivated BT4 virus (Table 4). A t an effeetor-to-target cell ratio 
of 25:1, cells stimulated by live virus showed a specific cytotoxicity of 64.8 per 
cent, whereas the previous use in vivo of similar numbers of stimulation effector 
cells at this level had never produced lytic levels above 10 per cent (Table 2). 
Even though the numbers of effector cells in primary assays (Table 2) were in­
creased four-fold such high levels of cytotoxicity were not found.
Table 3. Level of virus in  tissues following inoculationa of GzH mice with bluetongue
virus type 4
D ays post infection
B T 4  B H K b B T 4  Mouse brain0
H eartd Spleen e H eart Spleen
2 102.11 0 0 0
3 102.2 102.4 104.2 102.8
4 103.2 102.4 lOi-2 101.8
5 101-8 10i-2 lOi.s 101.2
7 0 0 Trace 0
9 0 0 0 0
11 N .T. N .T . 0 0
a 0.5 m l of virus injected intra-peritoneally. 2 m ice per protocol
b B luetongue virus type four passaged 6 tim es in  baby H am ster kidney cell line prior 
to  inoculation
c B luetongue virus type four passaged 3 tim es in  suckling m ice prior to  inoculation  
d W hole heart ground up w ith  sterile sand and diluted out using log dilutions in  
phosphate buffered saline (PBS) +  0.2 per cent bovine album in  
e Spleen cell suspension (containing approx. 1 X 106 spleen cells), diluted out using  
log dilutions in  PBS +  0.2 per cent bovine albumin 
1 Virus titration: Expressed as the TCIDso/ml using 5 tubes per dilutions 
0 N o virus detected
Trace 1/5 tubes using undiluted heart/spleen  
N .T. N ot tested
Table 4. Secondary induction of cytotoxic T  lymphocytes by in  vitro stim ulation of prim ed
spleen cellsa
Effector cellsa
Infected
targets0
Target cells
N on ­
infected
targets
% specific 
lysis b 
difference
In  vivo  
stim ulant
In  vitro  
stim ulant
B T 4 None 1.2 0 1.2
B T 4 Inactivated  virusd 37.9 5.7 32.2
B T 4 L ive v iruse 64.8 9.7 55.1
Inactivated  B T 4 Live virus 25.7 6.3 19.4
a Spleen cells rem oved from m ice infected 14 days w ith B PL  inactivated  or live virus 
(106.8 TCIDso/ml) pooled preparations incubated in  vitro for 5 days prior to  assay  
b Carried out after 7 hours incubation of effector and target cells, G well duplicates.
Standard error less than 7 per cent 
c L cells +  B T 4  25:1 effector to target cell ratios
d BT 4 inactivated  for 1 hour at 56° C, added to an in  vitro spleen cell culture 5 days 
prior to assay
0 BT 4 (106-8 TCIDso/ml) 1 m l added to  15 m l of spleen cell culture 5 days prior to  assay
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Spleen cells from mice inoculated with BPL-inactivated BT4 and secondarily 
stimulated in vitro with live BT4 also produced CTL’s (Table 4). Hence, although 
inactivated preparations do not produce primary CTL induction, they do produce 
specific memory cells.
T  Cell Dependence
To substantiate the fact that the lysis observed in primary assays is mediated 
by T cells, procedures aimed at enriching T cell numbers in spleen cell suspensions 
were carried out. The passage of spleen cell suspensions over nylon wool columns 
led to an increase in lysis from 25.3 to 35.3 per cent (Table 5). Treatment of spleen 
cell suspensions with anti-thymocyte serum and complement completely prevented 
lysis of infected target cells (Table 5).
Table 5. Effects of various treatments on anti-bluetongue C T L  populationsa
% specific ly s isb
L cells 3 T 3 B  L cells +
Effector cell population +  BTV L cells +  BTV pseudorabies
Non-im m une 0 0.7 0 0.2
Im m une Balb c spleen 2 0 21.3 0.1
Im m une C3 H spleen cells 25.7 0.4 0.8 1.3
N ylon wool non-adherent 35.9 0.6
A nti thym ocyte 1.2 serum +  complement 0 0
A nti IgG +  complement 37.4 0.2
Complement 26.9 0.2
a C3H m ice spleen cells. Im m unized 7 days w ith 0.5 X 106 TCIDso/ml, BT4, BHK  
b Means of six  assays. A ssay tim e 7 hours. Effector to target ratio 100:1 standard  
error less than 4 per cent. Minimum of 2 mice per experim ent. Lysis expressed as 
a m ean of the individual mouse results
Following the use of anti-IgG serum, an increase in lysis occurred from 25.7 
to 37.4 per cent (Table 5). This increase may reflect the removal of humoral 
mediated suppression of CMI (12, 15) and an increase in the percentage of CTLs 
in the spleen cell suspensions after treatment with anti-IgG serum.
Although similar experiments were not carried out on secondarily stimulated 
CTLs it is also assumed that these cells are cytotoxic T cells and not in vitro 
generated NK  cells. Apart from direct evidence in other systems that this is the 
case (34) mouse N K  cell reactivity has been shown to be relatively labile in culture 
and hence after 5 days would not be expected to contribute to the observed lysis 
(11 ,21 ,29).
Viral and Target Cell Specificity
To demonstrate that the phenomenon of H-2 restriction occurred in this 
system, Balb C and C3 H immune spleen cells were used as effector cells against 
non-histocompatible targets and no lysis occurred (Table 5).
To demonstrate virus specificity, L929 or 373 B cells were infected with pseudo­
rabies virus and again no lysis occurred (Table 5).
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Hence, the characteristic viral and target cell specificity noted in other 
murine T cell mediated anti-viral cytotoxicities (6 , 33, 10, 17) were also seen in 
the BT virus assay.
However, L cells infected with BT3 or 3T 3B  cells infected with BT2 were 
susceptible to lysis by histocompatible BT4 immunized mouse spleen cells, al­
though the level of lytic activity was reduced by approximately 65 per cent 
(Table 6 ) in comparison to BT4 infected targets.
Table 6. L ysis by anti-bluetongue type 4 C T L  against various target cells
Effector cell 
population*1
Target cell 
infection
Target cell 
type
% specific lysis b 
(Infected targets minus 
uninfected control cells)
Im m une C3 H B T 4 L929 27.0
Im m une C3 H B T 3 L929 9.6
Im m une Balb c B T 4 3 T 3 B 14.9
Im m une Balb c B T 2 3 T 3 B 5.1
a Mice spleen cells inoculated 7 days previously w ith 0.5 m l of B T 4  intra-peritoneally.
Minimum of 3 m ice per experim ent 
b 7 hour assay tim e: 100:1 effector to target cell ratio. Minimum of 2 mice per experi­
m ent. Lysis expressed as a mean of the individual mouse results
Discussion
The characteristics of the cytotoxicity response of mice to BT4 virus infection 
provides evidence that it is T cell mediated and conforms to the pattern of virus 
and H-2 restriction described for many other murine systems (6 , 33, 10, 17).
At two to five days after infection, spleen cell suspension caused significant 
lysis of non-infected target cells (Fig. 1). The early appearance of this activity, 
the fact that it was only observed in spleen cell suspensions from virus-infected 
mice and that it was also observed against non-infected targets argues that we 
are observing natural killer cell activity (25, 31). BT virus is known to be highly 
effective at producing interferon (24)— a powerful augmenter of NK  cell activity 
(30, 9, 31). This may be important in control of BT virus infection in mice prior 
to the development of specifically sensitized CTLs. The maximum lysis observed 
by the CTLs was considerably lower than that described for some other systems 
(23) and it is possible that some regulating event occurs in vivo, as has been 
argued with CTL induction in mice infected with herpes simplex virus (17). As 
has been found with murine cytomegalovirus (23, 18), the level of the lytic re­
sponse to BT virus was also dose-dependent.
We were unable, however, to demonstrate primary CTL induction with in­
activated preparations (Table 1). This is important at two levels. Firstly, there 
are considerable differences in the ability of various live or inactivated viruses to 
produce a CMI response (5, 7, 14). Thus, live and inactivated vaccinia (10) and 
Sendai virus (27) preparations are equally effective in promoting a CMI response, 
whereas some authors (5, 17) have shown that inactivated herpes and influenza 
virus fail to elicit CTL production. I t  has been argued (10) that some inactivated 
viruses do not fuse into the membrane of stimulator cells to produce the necessary
14*
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H-2 interaction for CTL production. Recent work with herpes simplex virus (26) 
has investigated this facet of CTL production and emphasized the importance of 
antigen triggering of helper cells to produce a factor which acts on precursor cells.
Secondly, it has been shown in sheep, using adjuvanted inactivated BT vac­
cines (28), that such preparations can mediate protection against infection, ap­
parently by stimulating a CMI response, as measured by a lymphocyte trans­
formation test. In mice, however, we have been unable to demonstrate primary 
CTL production by inactivated virus (Table 1). However, as has been found with 
herpes simplex virus (17 ), BT virus inactivated virus did induce memory T cell 
production which on in vitro culture gave large numbers of CTLs (Table 4). If 
this situation could be shown with BT virus in sheep, then rapid CTL production 
upon challenge could confer protection and be the mechanism by which inactivated 
vaccines protect sheep against live virus challenge.
Although the protective effect of both the humoral and CMI components in 
BT virus infections still await evaluation, serum neutralizing antibody is produced 
only in response to type antigen (4). Also L u e d k e  and J o c h im  (19) have shown 
that in many animals there is a poor correlation between serum neutralizing anti­
body and protection which argues for a protective CMI component in the immune 
response. Our data in both C3H and Balb C mice, however, indicate that a single 
BT virus inoculation results in the production of CTL’s which can lyse hetero- 
logously infected targets. Such cross-reactive T cells have been described in other 
virus systems (8 , 34). If such a response is a general phenomenon in the BT virus 
group and the CTLs produced can be shown to have a protective effect, then 
single-type attenuated virus vaccines could provide a degree of heterotypic 
immunity.
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Clinical and serological response of sheep to serial challenge with 
different bluetongue virus types
M. H. JEGGO, I. D. GUMM, W. P. TAYLOR 
Animal Virus Research Institute, Pirbright, Woking, Surrey
A group of British sheep was infected with blue­
tongue virus 5 (BTV5) and subsequently challenged 
with the same virus type. Protection from this 
challenge and a homotypic BTV neutralising anti­
body response were observed. A second group of 
sheep was infected serially with three different BTV 
types. Animals previously exposed to BTV4 and 
BTV3 were found to be resistant to challenge by 
BTV6. Animals infected with BTV4 and challenged 
with BTV3 were shown to produce a transient hetero­
typic neutralising antibody response to a number of 
types. Although the level of this heterotypic response 
diminished with time, after challenge with BTV6 
these animals developed a similar broad heterotypic 
response. The nature o f this response and its implica­
tions in terms of observed protection merit con­
sideration in future vaccine design and evaluation of 
field survey work.
THE causative agent of bluetongue, an orbivirus, has 
been classified into 20 serological types based on an 
in vitro virus neutralisation test (Howell 1960, 
Boulanger and Frank 1975). Protection from disease 
in areas in which a number of bluetongue virus 
(BTV) types exist depends on the use of polyvalent 
attenuated virus vaccines, but the degree of protec­
tion afforded by these vaccines is ill defined (Howell 
1979).
The ability of serial infection with two or more 
BTV types to evoke a broad spectrum antibody 
response and heterotypic immunity could have wide 
implications in terms of both polyvalent vaccine 
design and analysis of field sera results to predict 
virus types present in an area. The work described 
below examines the effect of serial challenge in terms 
of clinical manifestation of disease and the humoral 
response in a group of British sheep.
Materials and methods
Viruses
BTV 3, 5 and 6 were obtained from the Veterinary
Research Institute, Onderstepoort; BTV3 had under­
gone one passage in embryonated eggs and five 
passages in BHK21 cells (El BHK5) and BTV 5 and 6 
were in passage E2/BHK4. BTV4 was obtained as an 
isolate from the 1969 Cyprus bluetongue outbreak 
and was designated A SOT1 (E1/BHK4).
Each BTV was plaque purified three times in baby 
hamster kidney (BHK) cells using the agar gel double 
sandwich suspension technique (Cooper 1961). 
Following plaque purification, virus type specificity 
was verified in a virus neutralisation test using type- 
specific guinea pig sera.
Experimental animals
Male crossbred Dorset Horn sheep obtained at six 
to eight months old were used. In the first experiment 
a group of four sheep was infected with BTV5 and 
subsequently challenged with homologous virus. In 
the second experiment, a group of eight sheep was 
serially inoculated with BTV 4, 3 and 6. After one 
exposure, the subsequent inoculation was begun only 
when the previously established viraemia was no 
longer detected. At the time of the second and third 
inoculations, groups of sheep susceptible to BTV 
were infected with the appropriate virus to act as 
inoculation controls.
Animals were infected by inoculating 1 ml con­
taining approximately 106 median tissue culture 
infective doses (TCID50) of BTV intradermally in the 
left ear. The animals were clinically examined daily, 
temperatures being recorded at the same time each 
day for up to three weeks after inoculation. Daily 
serum samples were collected together with heparin- 
ised blood (5 iu heparin per ml final concentration) 
for virus isolation. All animals were held in insect- 
proof and BTV-secure accommodation during the 
experiments.
Virus isolation procedures
Heparinised whole blood was centrifuged and the 
packed cells washed three times in an approximately
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equal volume o f  isotonic saline solution. These 
washed cells were sonicated at 110 watts for 15 
seconds (MSE Soniprep 150) before titration for the 
presence o f BTV in roller tubes. Blood was diluted in 
10-fold steps in phosphate buffered saline (PBS) 
containing 0-2  per cent bovine serum albumin. Each 
o f five roller tubes containing a 24 hour old m ono­
layer o f BHK cells was inoculated with 0-2  ml o f  the 
appropriate blood dilution. Adsorption o f  virus was 
allowed for 30 minutes at 37 °C before refeeding with 
Glasgow modified Eagle’s medium containing 5 per 
cent newborn calf serum, 10 per cent tryptose 
phosphate broth and antibiotics at the usual con­
centrations. The tubes were rolled at 37°C. The 
following day all cultures were washed twice with 
PBS and refed with the above medium. The tubes 
were examined daily for BTV cytopathic effect for up 
to eight days and fluid changed every second day. 
Viraemia levels were expressed as log10 TCID50/m l 
o f original packed cells. From each experiment, a 
virus isolated from the blood o f  an infected sheep 
was typed using the virus neutralisation test.
Serological procedures
Agar gel tests for BTV group-specific precipitating 
antibodies (Jochim and Chow 1969) were conducted 
on microscope slides, using antigen derived by 
ammonium sulphate precipitation o f  infected cell 
cultures (Eisa et al 1982). Virus neutralisation tests 
were carried out in a microneutralisation system with 
an initial serum dilution o f  1:10 against 100 TCID50 
o f virus per well. It was necessary to double the 
number o f  cells added to test wells when examining 
sera from animals receiving three different BTV 
types, owing to the cytotoxic effect o f  these sera 
against BTV cells (Parker et al 1977).
Results
Inoculation and challenge o f  sheep with BTV5
Four sheep inoculated with BTV5 showed an 
incubation period o f  five days followed by a pyrexia 
lasting five days (Fig 1); the mean peak temperature 
for this group o f  animals was 40 • 3°C attained on day 
6 after inoculation. No other clinical abnormalities 
were observed. Virus was detectable in the blood as 
early as day 2 in all four sheep and rose to peak levels 
between days 6 and 8. Viraemia levels declined slowly 
but virus continued to be recovered from the blood  
until day 23 in two o f the four animals. After 43 
days, these sheep were challenged with the hom o­
logous virus type; no pyrexia was seen for the follow­
ing 21 days and BTV could not be detected in the 
blood o f these animals.
All four animals developed BTV group-specific
n  4 0 -4
3 4 0 -0
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£ 39-2
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D ays a fte r  inocu la tion
FIG 1: Temperature and viraemia response o f  sheep following
inoculation o f  bluetongue virus. • -----------•  Rectal temperature °C,
☆ ........................☆ Viraemia level expressed as T C ID 50/m l. Results
calculated as the arithmetic mean o f  four animals
precipitating antibodies on day 10 and retained this 
response for the rest o f  the experiment. The presence 
o f neutralising antibody to BTV5 was first detected 
on day 10 in three o f  the four sheep and on day 11 in 
the fourth animal. The level o f  neutralising antibody 
rose to reach maximum titres o f around 1:120 by day 
15. N o significant increase occurred following 
challenge at day 43. Sera from these animals were 
also examined for the presence o f  antibodies to the 
remaining 19 BTV types and no neutralising anti­
bodies were detected in any sera collected during the 
periods before and after challenge.
Inoculation o f  eight sheep with BTV4 fo llo w ed  by  
sequential exposure with types 3 and 6
A  group o f eight sheep was inoculated with BTV4. 
The patterns o f  temperature, response and blood  
virus levels were similar to those described above for 
BTV5. Mean peak temperature and viraemia levels 
were recorded on day 7 and the viraemia lasted 24 
days in six o f  the eight animals and 26 days in the 
remaining two animals. No other clinical abnor­
malities were noted. All eight animals produced 
precipitating antibodies on day 11 and these were 
maintained throughout the remainder o f  the experi­
ment. The development o f neutralising antibodies to 
BTV4 can be seen in Fig 2. Antibodies were first 
detected on day 10 and mean levels remained at 
around 1:40 until the second virus inoculation. 
Examination for the presence o f  antibodies to the 
other 19 BTV types in these animals gave negative 
results.
Sixty-six days later the eight principal sheep were 
inoculated with BTV3. The pattern o f  temperature 
response and viraemias obtained was similar to that 
following the BTV4 inoculation. N o distinction 
could be made between the pyrexia and viraemias 
established in sheep previously inoculated with BTV4 
and a group o f control sheep receiving BTV3 only.
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D ay s a f te r  in o c u la tio n  w ith  BTV4
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FIG 2: Developm ent o f  neutralising antibodies to BTV types 4, 3 and
6  following the serial inoculation o f  these BTV types. • -------------•
Neutralising antibodies to  BTV4, ♦  ♦  neutralising anti­
bodies to BTV3, ★-----------★ neutralising-antibodies to  BTV6 . Time
expressed as days after inoculation o f  BTV4, BTV3 inoculated day 
6 6 ; BTV6  inoculated day 176. A ntibody titre calculated as geometric 
mean from  eight sheep o f  reciprocal logio  VN50
The four control sheep showed a neutralising anti­
body response to type 3. The principals also 
developed a type 3 neutralising antibody response 
(Fig 2) together with an increase in the previously 
established type 4 neutralising antibody level (Fig 2). 
Significantly, antibodies to BTV6 were detectable 
between the ninth and 74th days after this second 
virus infection, although sheep had not as yet been 
exposed to this virus type. Other aspects o f  this non­
specific antibody response are described below.
Finally, on experimental day 176, the principals 
were inoculated with BTV6. Although inoculation 
controls demonstrated the typical response to a single 
BTV serotype, the eight principal sheep showed 
neither pyrexia nor viraemia after this inoculation. 
The pattern o f  development o f  antibodies to BTV6 
in the principal sheep was dissimilar to that in the 
control animals (Table 1). In the latter group, as had 
been observed with the previous BTV inoculations, 
specific neutralising antibodies were first recorded 
around day 10 after inoculation, while in seven o f  the 
eight principals, levels above 1:20 were detectable by 
as early as day 6 following exposure to BTV6; by 
day 12, levels were similar in both groups.
TABLE 1: Development of neutralising antibodies to  BTV6 after 
inoculation of BTV6
D ay s a f te r  in o cu la tio n
0 4  6  8  10 1 2
P rinc ipa l s h e e p * — -  1 -2 5 4  1 -2 3  1 - 6 8 2 - 0 0
C o n tro l s h e e p t - -  1 -3 0 2 -1 3
* P re v io u s ly  e x p o s e d  to  BTV 4  a n d  3 
+  P re v io u s ly  u n e x p o s e d  to  BTV
4  N eu tra lis in g  a n tib o d y  t it re  e x p re s s e d  a s  g e o m e tr ic  m e a n  o f 
rec ip ro c a l lo g io  V N 50 
— N e u tra lis in g  a n tib o d y  t it re  < 1 - 1 5
H eterotypic antibody responses
Sera collected during this series o f  inoculations 
were examined for neutralising antibodies to all 
designated types o f  bluetongue virus. The presence 
o f non-specific neutralising substances in the sera o f  
some animals (Klontz et al 1962) makes it difficult to 
state clearly the lowest neutralising antibody titre 
considered positive evidence o f  the animal having 
experienced BTV. However, in these experiments, 
the lowest dilution at which sera were tested was a 
1:20 final dilution and, in this laboratory, sera with 
antibody levels o f 1:15 or less are considered 
negative. Figures for antibody levels were obtained 
by calculating group geometric means, giving a value 
o f zero to negative (less than 1:15) animals. This 
occasionally resulted in group means being below the 
lowest dilution at which individual animals were 
tested.
The extent o f  the heterotypic antibody response 
following the sequential exposure o f  BTV4 immune 
sheep to BTV 3 and 6 can be seen in Figs 3 ,4  and 5.
Following infection with BTV 4 and 3 sera were 
examined for the presence o f  neutralising antibodies 
to all 20 BTV types. The cross reactivity o f  the sera 
produced was estimated by summing the number o f  
virus types neutralised by a particular serum at levels 
equalling or exceeding 1:20, 1:30 or 1:40 (Fig 3). At 
low serum dilutions most sera neutralised a number 
o f virus types to which these experimental animals 
had not been exposed. This effect was not detectable 
before the inoculation o f  BTV and was not therefore 
due to non-specific activity in the sera. A t these low  
serum dilutions, a greater number o f  virus types were 
neutralised than at higher dilutions and the extent o f  
cross reactivity o f  sera from individual animals
S 1205 
2  10
D ay s  a f te r  in o c u la tio n  w ith  BTV3
FIG 3: Number o f  BTV types to which neutralising antibodies were 
evoked following inoculation o f  BTV3 into sheep previously im m un­
ised with BTV4. A A Number o f  types represented at a  titre
o f  > 1 :2 0 , • ----------- •  number o f  types represented at a titre o f
>1:30, A A number o f  types represented at a titre o f  >1:40,
O  O number o f  types represented at a titre o f  >1:20 in
control animals receiving only BTV3. Points were derived by cal­
culating the arithmetic mean o f  results from eight animals
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FIG 4: Level o f  neutralising antibodies to  BTV types at various times after challenge with BTV3 in a 
group o f  eight sheep previously exposed to BTV4. A ll titres calculated from geometric mean o f  reciprocal 
log io  V N50 values and expressed as a neutralising antibody titre. Sera with titres <1:15 scored as zero. 
A ntibody levels in the control animals receiving BTV3 only are shown in hatching
increased with time up until day 24. The control 
animals which had received type 3 only were tested at 
a single dilution o f  1:20; the response remained 
homologous except for a short period around day 24 
after inoculation.
Group levels o f  neutralising antibodies to each o f  
the 20 BTV types in the 77 day period following the 
inoculation o f  BTV3 into sheep previously infected 
with BTV4, can be seen in Fig 4. Before the challenge
with BTV3, only antibodies to BTV4 were detected 
but seven days after this first challenge, group levels 
o f 1:15 or higher were recorded to BTV 2, 8 and 20 as 
well as types 4 and 3 (Fig 4). The heterologous 
character o f  the response increased further but was 
transient and, by day 77, titres o f  1:15 or higher were 
recorded only against BTV 3 ,4 , 1 7  and 20.
In the four control animals receiving BTV3 only, 
the response was predominantly homotypic (Fig 4),
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FIG 5: Histograms depicting the level o f  serum neutralising antibodies to  BTV types induced by the 
inoculation o f  BTV6  into eight sheep which had previously been inoculated with BTV4 and challenged  
with BTV3. A ll titres calculated from geometric mean o f  reciprocal logio  V N50 values and expressed as a 
neutralising antibody titre. Sera with titres less than 1:15 scored as zero. A ntibody levels in the control 
animals receiving BTV6  only are show n in hatching
although antibodies at low levels, ie, group means o f  
1:15, were recorded against BTV 6 and 17 on day 19, 
and against BTV 4, 6 and 20 on day 25. Only anti­
bodies to BTV3 were recorded at levels above 1:15.
The levels o f  type-specific neutralising antibody 
during the 42 days following inoculation o f  BTV6 
into sheep previously exposed to BTV 4 and 3 can be 
seen in Fig 5. Again, the response was broadly 
heterotypic but at a slightly higher level and more 
types were detected at titres o f  1:15 and above. A  
small heterotypic response occurred in the BTV6 
control group, with neutralising antibodies to BTV 3, 
6, 11 and 14 being detected but, BTV6 apart, the 
titres o f neutralising antibody were extremely low.
Sera from all these experiments were also 
examined for the presence o f  neutralising antibodies 
to epizootic haemorrhagic disease o f deer virus (New  
Jersey strain; EHDV1) and Ibaraki virus, with 
negative results.
Discussion
Throughout this series o f  experiments, the only 
clinical manifestation following the inoculation o f
BTV was that o f  pyrexia and no experimental 
animals developed characteristic bluetongue lesions 
(Bowne 1971) or became noticeably ill. The authors 
have consistently noted that a variety o f  apparently 
virulent field isolates fail to produce characteristic 
signs o f  disease in laboratory sheep and, in the 
present experiment, all isolates used were relatively 
unadapted by laboratory passage. This experience is 
shared with other laboratories (Luedke and Jochim  
1968). Thus, the effect o f  BTV on these animals was 
only measurable in terms o f  pyrexia, viraemia and 
evaluation o f  the immune response.
The homologous challenge o f  animals previously 
infected with BTV5 did not give rise to pyrexia or a 
detectable viraemia. Thus, it appears that previous 
exposure to BTV5 had protected these animals. The 
antibody response following homologous challenge 
remained monotypic. Similar protection and a mono- 
typic antibody response have been shown in hom o­
logous virus challenge with BTV2, 3 and 4 (M. H. 
Jeggo and I. D. Gumm, unpublished observations). 
On the other hand, the outcome o f  heterotypic 
challenge was different in that previous exposure to 
BTV4 did not protect sheep against BTV3 and both
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pyrexia and viraemia ensued to levels indistinguish­
able from controls. However, no pyrexia or viraemia 
was detected after the inoculation o f  a third BTV 
type.
After the inoculation o f  two BTV serotypes, not 
only were antibodies produced to both types but also 
appreciable levels o f  antibodies to a number o f  other 
types (Figs 3 and 4). After two months, this hetero­
typic antibody response declined although levels 
higher than 1:20 were still detectable against BTV 3, 
4 and 20.
Following challenge with a third BTV type, a 
similar broad heterotypic response occurred. It 
should be noted, however, that antibodies to this 
serotype (BTV6) had been detectable for about 30 
days during the previous phase o f  the experiment 
(Fig 2). The development o f  antibodies to this third 
challenge type occurred more rapidly than in control 
animals (Table 1), although by 12 days after inocula­
tion the titre reached in the principal sheep was no 
higher than that observed in control animals. This, 
then, can be termed an accelerated immune response 
(Roitt 1980) and demonstrated the likely existence o f  
memory cells to BTV6. These cells would probably 
have been evoked when antibodies to BTV6 were 
stimulated following the second administration o f  
BTV — which would argue the true existence o f  anti­
bodies to BTV6 and not an in vitro test aberration. It 
must be noted that, after inoculation o f BTV6, an 
accelerated antibody response to other previously 
evoked BTV types did not occur and the reason for 
this is not clear.
It may be misleading to attempt to interrelate 
various BTV types on the basis o f  the nature and 
characters o f these heterotypic responses. However, 
it is clearly shown that the administration o f  two or 
three different BTV types gives rise to a broad anti­
body response. With 20 BTV types known at present, 
the possible permutations o f  types in immunisation 
procedures are enormous and would require much 
additional work to quantify.
The nature o f the heterotypic response obtained in 
this series o f  experiments, however, means that 
caution must be exercised in the evaluation o f  field 
serological surveys. The presence in a field serum 
sample o f  antibodies to more than one serotype 
means that firm conclusions cannot be drawn as to 
which virus types may be present in that country or 
area, as has previously been attempted (Davies 1978, 
Hafez and Ozawa 1981). Further, Fig 3 demonstrates 
that, when considering a serum positive for the 
presence o f  antibodies to a particular BTV type at a 
titre o f  1:20, neutralising antibodies to far more BTV 
types were recorded in that serum than at a titre o f  
1:40. This could give rise to erroneous interpretations 
when screening sera at single dilutions for the 
presence o f neutralising antibodies to BTV.
The usefulness o f  this broad heterotypic antibody 
response must rest on the role neutralising antibodies 
play in protection and recovery from a BTV 
challenge. In these experiments, administration o f  
BTV 4 and 3 protected these animals from challenge 
from BTV6. However, whether this protection was 
mediated by neutralising antibody is not so easily 
determined. The role o f  neutralising antibody in 
many other infectious diseases has been well docu­
mented but in virus diseases the position is not clear 
(Rouse and Babiuk 1978, Askonas et al 1981). With 
bluetongue, protection has been demonstrated in the 
absence o f  detectable neutralising antibody but in the 
presence o f  a cell-mediated immune response (Stott 
et al 1979). Recent work in mice has shown that BTV 
can evoke cytotoxic T lymphocytes (CTL) and that 
these CTLs cross react with a number o f  BTV types 
(Jeggo and Wardley 1982a, b). Furthermore, CTLs 
have been shown in some virus diseases to have a 
protective role (Webster and Askonas 1980).
So, although an antibody response was induced 
before challenge with BTV6 and an accelerated 
humoral response was seen after the inoculation o f  
BTV6, the role o f  neutralising antibody in the 
observed protection cannot be assessed clearly and 
full evaluation will require the use o f  passive anti­
body transfer techniques.
Neitz (1948) reported a series o f  classic studies 
demonstrating the existence o f  antigenic plurality 
among bluetongue viruses and the majority o f  the 
virus strains used in his experiments were later 
allotted to serotypes by Howell (1960). Neitz (1948) 
clearly showed that each o f a variety o f  virus types 
produced a solid immunity to challenge with the 
same virus type but, when challenged with a different 
virus type, two different features could be observed. 
First, a second serotype could establish a clinical 
infection in a sheep that had recovered from a first 
serotype. Second, the extent o f this heterologous 
infection was much less severe than in fully sus­
ceptible animals. Although there was no alteration to 
either the length o f  the incubation period or height o f  
the ensuing pyrexia in previously exposed sheep, the 
course o f  the clinical disease was shortened and the 
severity o f  the mouth and foot lesions decreased. 
Such observations were similar using numerous 
combinations o f strains and Neitz (1948) formulated 
a concept o f  common or basic immunity between 
strains. In the present study, it was possible to 
confirm the fact that sheep resist homologous 
challenge but not to confirm the observation o f  
basic immunity. N o difference could be detected in 
the reaction o f  British sheep that had experienced 
BTV4 when these and unexposed controls were 
subsequently infected with BTV3.
Neitz (1948) also carried out experiments in 
which BTV3, 4 and 8 were inoculated into sheep in
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sequence and in different combinations. Here he 
found no increase in the basic immunity after the 
first inoculation and sheep were just as susceptible 
after infection with two virus types as with one type. 
From this he concluded that polyvalent immunity 
could only be produced by inoculation o f  a number 
o f different virus strains, a concept that has been 
fundamental to the use o f  live vaccine strains ever 
since. This study indicates a completely different 
conclusion in that, within the limitations o f  the test 
system, it has shown that prior exposure to two virus 
types abrogates the viraemia and pyrexia following 
administration o f  a third BTV type.
More recently, Thomas and Trainer (1971), Della- 
Porta et al (1981) and Gorman et al (1981) have 
reported cross reactivity between virus isolates. 
Studies o f  the virus proteins giving rise to type 
specificity have been restricted by problems asso­
ciated with virus purification (Huismans and Howell 
1973). However, recent work by Huismans and 
Erasmus (1981) and Gumm and Newman (1982) has 
shown that the outer capsid polypeptide P2 o f BTV is 
the main serotype-determining antigen, whereas the 
core polypeptide P7 is responsible for group spec­
ificity. By the use o f  these purified proteins it may 
now be possible to define more clearly the serological 
relationships within the BTV group. It may be that 
the administration o f  type-specific proteins instead 
o f whole virus in the sequential manner described in 
the above challenge experiments would result in a 
type-specific antibody response. However, the use o f  
such viral subunits as vaccines would only be o f use 
in areas in which one or two BTV types are to be 
expected, as a broad heterotypic response is highly 
desirable in endemic areas with many BTV types.
In conclusion, it would seem that the ability o f  the 
serial inoculation o f  two or more bluetongue virus 
types to evoke a broad spectrum antibody response 
merits serious consideration in areas where protec­
tion from a number o f  BTV types is considered.
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D O U B L E -S T R A N D E D  R N A  V IR U SE S
Host Reponse to Bluetongue Virus
M. H. Jeggo, R. C. Wardley, and W. P. Taylor
Animal Virus Research Institute
Pirbright, Woking
Surrey G U 24 ON F, England
Introduction
Bluetongue (BT) is a virus disease of sheep, goats and cattle characterized by 
edema of the face and coronitis, particularly in sheep . 1 There are at present 
some 22 known bluetongue virus (BTV) types, classified by means of an in vitro 
neutralization test . 2 Because of its insect vector, the only feasible method of 
control in endemic areas is vaccination, the success of which relies on the 
inclusion of the endemic BTV types in the vaccine. In areas where many types 
are present, this results in multivalent vaccines linked to complex vaccination 
schedules and the degree of protection afforded is often poor. 3 , 4
To improve current vaccine design, a detailed understanding of the host’s 
immune response to the inoculation of BTV is required. The work briefly 
reviews the current information regarding immunity to BTV infection and 
details the results of an investigation into both the humoral and cellular response 
of cattle, sheep, and mice to challenge with different BTV types.
Clinical Response to BTV Infection
The inoculation of BTV into British breeds of sheep and cattle is characterized 
by a very mild clinical response . 5 , 6  Pyrexia, coronitis and hyperaemia of 
mucous membranes can occur in sheep, although cattle fail to show any 
response. Inoculation of field isolates in British sheep can, however, on 
occasions cause severe clinical signs with high mortality (Taylor, personal 
observation). Both species develop detectable viraemias. BTV can first be 
recovered two or three days after subcutaneous inoculation of the virus. Peak
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Figure 1. D evelopm ent o f  the immune response to the inoculation o f  bluetongue virus in sheep. (☆ )  Neutralizing  
antibody. Virus neutralization test carried out as described previously .6 Results calculated as geometric mean o f  8  
sheep and expressed as neutralizing antibody titer. ( • )  Cell-mediated immune response as measured by the 
production o f cytotoxic T  lym phocytes in sheep. C ytotoxic T  lymphocytes estimated by chromium release assay 
and expressed as % specific lysis , 10 Peripheral blood lymphocytes were used as effector cells and a primary cell 
testis line derived from the same animal used as target cells. Targets were infected with the same bluetongue vim s  
type as used for the animal inoculation.
viraemia occurs around seven days post-inoculation (p.i.) and continues in 
sheep for around thirty days p.i. 5 - 7  and in cattle for up to 60 days p.i . 8
Immune Response to BTV Infection
The humoral response to BTV is summarized in Fig. 1. BTV type specific 
neutralizing antibody is first detected in sheep around 1 0 - 1 2  days6  p.i. and in 
cattle around 10 -20  days p.i. The response following the inoculation of a single 
BTV type is monotypic and titers remain high in both species for at least six 
months (Herniman, personal communication).
The cellular immune response following the inoculation o f BTV is less clearly 
defined. Lymphocyte blastogenesis has been shown to occur following the 
administration of A E I inactivated BTV and in the absence of a neutralizing 
antibody response . 9  BTV has further been shown to induce murine cytotoxic T 
lymphocytes (CTL) and these have been found to be highly cross-reactive . 1 0 , 1 1  
Maximum CTL activity occurred around day 7 p.i. o f BTV and was detectable 
for about three weeks. Preliminary studies in sheep demonstrates that ovine 
CTLs do exist, that they peak around day 14 p.i. and are detectable for some 
2Vi weeks following virus inoculation (Fig. 1). The cross-reactive nature of 
ovine CTLs and the effect o f serial inoculation of BTV on the character of their 
response has not been investigated.
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Table 1. Development o f Antibody-Dependent Cell-Mediated Cytoxicity Against IBR 
and BTV Infected Cells as Measured by a Chromium Release A ssay0
Effector cells
Target cells 
plus 
infecting 
virus
A ssay
time
(hrs) Serum Serum titre
% specific 
lysis
Bovine— Udder
Macrophages GBK 7 M ouse Anti 1/50 2.3
Bovine— Udder
Macrophages G BK  +  IBR 7 IBR 1/50 62
Bovine— Udder
Macrophages G BK  +  IBR 7 IBR 1/500 14
Bovine PBL G BK  +  IBR 7 IBR 1/50 60
Bovine Udder
Macrophages G BK  +  BT4 7 M ouse Anti BT4 N eat, 1 /50 , 1 /5000 0
Macrophages G BK  +  BT4 7 Cattle Anti BT4 Neat, 1 /50 , 1 /5000 0
Bovine PBL G BK  +  BT4 7 Cattle Anti BT4 N eat, 1 /50 , 1 /5000 0
Ovine Udder
Macrophages G BK  +  BT4 7 Sheep Anti BT4 N eat, 1 /50 , 1 /5000 0
Ovine PBL B G K  +  BT4 7 Sheep Anti BT4 N eat, 1 /50 , 1 /5000 0
Ovine PBL LFK  +  BT4 7 Sheep Anti BT4 Neat, 1 /50 , 1 /5000 0
Ovine PBL L FK  +  BT4 7 Sheep Anti BT3 N eat, 1 /50 , 1 /5000 0
Ovine PBL LFK  +  BT3 7 Sheep Anti BT3 Neat, 1 /50 , 1 /5000 0
Ovine PBL LT +  BT3 7 Sheep Anti BT3 Neat, 1 /50 , 1 /5000 0
Ovine PBL LT +  BT3 7 Sheep Anti BT3 N eat, 1 /50 , 1 /5000 0
Ovine Udder
Neutrophils L FK  +  BT3 7 Sheep Anti BT3 Neat, 1 /50 , 1 /5000 0
Ovine Udder
Neutrophils LFK  +  BT3 18 Sheep Anti BT3 N eat, 1 /50 , 1 /5000 3
Ovine Udder
Neutrophils LFK  +  BT3 24 Sheep Anti BT3 Neat, 1 /50 , 1 /5000 2 . 6
Ovine Udder
Neutrophils L FK  +  BT3 36 Sheep Anti BT3 Neat, 1 /50 , 1 /5000 1.7
0 Antibody-dependent cell-mediated cytotoxicity assay carried out as described previously1 4  using 
target cells infected with infectious bovine rhinotracheitis (IBR) and bluetongue virus (BTV). Target 
cells used were Georgia bovine kidney cells (G BK ), primarily lamb fetal kidney cells (LFK ) and 
primary lamb testis cells (LT). Effector cell populations were obtained as described previously14. 
The effector to target cell ratio was 100:1 and %-specific lysis was obtained from a minimum of 
6 -well duplicates.
Attempts to demonstrate the existence of BTV antibody-dependent killer 
cells through assay of antibody-dependent cell-mediated cytotoxicity (A D D C ) 
and complement facilitated A D C C  in both cattle and sheep, using a variety of 
systems, has consistently failed (Table 1). This would suggest that, if BTV  
neutralizing antibody is involved in protection and recovery, it operates by 
direct neutralization o f extra-cellular virus. 1 2
In order to investigate the immune response further, a group of cattle was 
sequentially inoculated with BTV types 4, 3, and 6 .
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Table 2. Levels o f Viraemia Detected Following the Inoculation o f Bluetongue Virus 
(BTV) Type 6° Animals Previously Exposed to BTV Type 4 and 3
Animal number*
Days post inoculation 1 2 3 4 5 6
3
A
— — — —
1 c .
—
4
5 _ _ _ _
1.0
2.2 2.8
6 — — 0.6C — 2.2 2.4
7 — — 2.2 — 3.8 3.2
8 — — 2.4 — 4.2 4.0
10 — — 2.8 — 3.6 3.6
12 — — 2.2 — 1.6 2.4
16 — — 1.6 — 0.4 0.4
20 — — 0.6 — 0.4 0.4
24 — — 0.4 — 0.4 —
30 — — — — — —
a Animals inoculated intradermally with 106  T C ID 5o /m l o f B T V  type 6 .
* Animals 1, 2, 3 and 4: Cattle previously exposed to BTV types 4  and 3. Numbers 5 and 6  control 
animals not previously exposed to BTV.
c Virus isolation as described previously . 6 Titers expressed as T C ID /m l o f washed blood.
Clinical Response Following Sequential Challenge
The inoculation of BTV type 4 followed four months later by BTV type 3 
resulted on both occasions in a typical viraemia of the usual duration. However, 
after the inoculation o f the third BTV, type 6 , virus could be detected in only 
one of the four animals (Table 2). Viraemia was established in control animals 
receiving BTV type 6  only.
Immune Response Following Sequential Challenge
Following the inoculation o f BTV type 4, neutralizing antibodies could be 
detected to BTV type 4 only. The inoculation o f a second BTV type, in this case 
type 3, evoked antibodies not only to BTV type 3 but to a large number o f BTV  
types (Fig. 2). This broad heterotypic response peaked around three weeks 
following the inoculation of this second virus type. However, by day 63 p.i. 
neutralizing antibody titres o f 1 /10 or greater were only detectable against BTV  
types 3, 4, and 17. Control animals receiving only BTV type 3 showed a 
monotypic neutralizing antibody response (Fig. 2).
The development of neutralizing antibodies to the three inoculated viruses 
can be seen in Fig. 3. Significantly, antibodies to BTV type 6  occurred following 
the administration o f BTV type 3 and prior to the inoculation of BTV type 6 .
357
DAY 7
DAY 21
DAY 49
DAY 63
d h12 13 14 IS 16 17 18 19 20 21 22
BTV TYPES
Figure 2. N eutralizing antibody response in cattle following serial inoculation o f  tw o bluetongue virus types. 
Histograms showing level o f  neutralizing antibodies to bluetongue virus types at various times after challenge with 
bluetongue virus type 3 in a group o f  4  cattle previously exposed to bluetongue virus type 4. Virus neutralization 
tests were carried out in a microneutralization system  using B H K  cells and a starting serum dilution 1 /1 0  against 
100 T C ID 5 0  o f  virus per w ell. Titers calculated as group geometric means o f  individual reciprocal logjp  V N 5 0  
values and expressed as the neutralizing antibody titer. Sera with titers <  1 /15  scored as zero. A ntibody levels in 
the control animals receiving bluetongue virus type 3 only are shown in hatching.
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Figure 3 . D evelopm ent o f  neutralizing antibodies to bluetongue virus types 4, 3 and 6  following the sequential 
inoculation o f  these bluetongue virus types in cattle. Neutralizing antibody titers obtained as for Fig. 2. Results 
calculated as geometric mean o f  four animals and expressed as neutralizing antibody titer. Arrows show the 
inoculation o f  bluetongue virus type 3 and 6  postinoculation o f  bluetongue virus type 4. ( ☆ • - - • ☆ ) .  N eu ­
tralizing antibodies to B T V  type 4. ( • ---------• )  Neutralizing antibodies to BTV  type 3. ( Q  © -) Neutralizing
antibodies to BTV type 6 .
This transient production of antibodies to BTV type 6  may have resulted in the 
production o f BTV type 6  memory cells, where rapid antibody production on 
stimulation with type 6  could have been responsible for abrogating the viraemia 
following inoculation o f BTV type 6  in three o f the four animals (Table 2). 
Similar results have been obtained in serial challenge of sheep with BTV . 6
The observation that the administration of two BTV types gives protection 
against the development of viraemia following the inoculation of a third BTV  
type correlates with the development of a broad heterotypic neutralizing 
antibody response and the possible induction o f cross-reactive CTLs. This 
indicates that it should be possible to produce vaccine cocktails consisting of a 
small number of BTV types but giving broad heterotypic cover. However, 
before a clear assessment can be made of the types to include in this modified 
vaccine, it will be necessary to examine the relative functional importance of the 
humoral and cellular immune response in protection and recovery. This will 
require not only the use of antibody and cellular adoptive “transfer” techniques 
but a clearer understanding of those viral components which give rise to the 
immune response. A t present it is known that the outer capsid protein,
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designated P2, gives rise to type-specific antibodies13 but further analysis o f the 
relative immunogenic importance o f BT viral proteins must await virus 
purification.
Conclusion
The ability o f a limited number o f BTV types to induce a broad heterotypic 
neutralizing antibody response and a single BTV type to induce cross-reactive 
CTLs should be carefuly considered in future BTV vaccine design.
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